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PREFACE. 



Ah enlaiged and improyed edition of the treatise on Field Fortifica- 
tion — ^which has for many years been in nae as the text-book for 
thia branch of stndy in the Military Academy — being called for, to 
meet the present wants of the sendee, the author has thought it advi- 
sable to comprise, in the same yolome with it, the sabjects of Military 
Mining and Siege Operations, both of which have foond such extensive 
^plications in several of the late remarkable sieges, in this country and 
in Europe, where the chief defences consisted of a simple line of field 
works. 

In the preparation of the present edition, the author has endeavored 
to present the subjects comprised in it in the most simple and condsa 
manner, so as to bring them within the easy comprehension of any 
person of ordinary attainments; in the hope that the work may prove 
serviceable to officers who have not had opportunities of pursuing a 
regular course of military studies, and also be found a useful auxiliary 
in the popular courses of military instruction which have of late been 
introduced into many of our civil institutions of education. 

The author would here acknowledge his obligations to General Bar- 
nard, General Gillmore, and Colonel Merrill of the United States' 
Volunteers, and officers of the United States Corps of Engineers, for 
much valuable information embodied in the work 

Unm Srini Miu?abt Aoaboit, 
W«| Ptttel, 9. T., Jfare* tl, 18«. 
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INTRODUCTORY, CHAPTER L 
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L As field fortifications usually present Tolumes of rerj simple forms, in 
which the bounding surfaces are planes, and the bounding lines right lines, 
the manner of representing these by drawings is also correspondingly sim- 
ple. In most cases demanding only one or more profiles and a plan of the 
fortifications. 

II. By the term profile is understood the outline of a rertical section 
made through any part of the fortification in a direction perpendicular to its 
princip.ll bounding lines; this outline being drawn according to certain 
prescribed rules. 

III. By the term taction is understood the outline of a cut made in any 
other than a perpi^ndicular direction to the principal lines. When the cut 
is rertical it is termed a verU'cal section, when horizontal, a horizontal sec- 
tion, and sometimes a plan, 

IV. By the term plan is understood a drawing which represents the rela- 
tire position, estimated horizontally, of the outlines, or bounding hnes of 
the surfaces of the fortifications with respect to each other. 

The plan gircH the horizontal distances alone. The profile both horizontal 
and vertical distances between the points represented on them. 

V. By Uie term ehvation is understood a drawing which represents the 
outlines of the fortifications as they appear to the eye of a spectator looking 
at them from a point in fi-ont of them. 

EleTations gire the relatire positions estimated TerticaOy of the Imes 
represented. They are used only for drawings of a somewhat complex 
description, and in which it is desirable to convey, by the drawing, soma 
idea of the appearance of the body represented. 

VI. When the surface of the ground, or the siie, on which the fortifica- 
tion is erected is horizontal, or so nearly so that the Tariations in height of 
the different portions of its surface may be left out of consideration, it it 
represented simply by the surface upon which the plan is drawn 

VIL But when the surface is so irregular that it cannot be regarded as 
horizontal, then it has to be representetl by lines, either in the manner 
adopted usually in maps, or else by the method used in topographical maps 
of the most accurate character. 
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These symbols are written as represented upon the curres, one Jilouo 
being regarded as sufficient. 

IX. The syinbola are termed rrferencts. Tlie curv<'s with the symbols 
wriften on them, horiz'>utal curves. The fixed plane, from which all the dis- 
tances are estimated, is termed the plane of reference^ or of comparison^ or 
the datum plane. 

X. S<jme inconvenience may at times arise by taking Uie plane of com- 
pariM)n at the lowest water level, should curves be required below it ; as in 
that case, in order to distinguish these last from the first, the syml>ol8 would 
have to be written with the minus sign before them, as — (1.0), — (3.0). 
This, however, can always be obviaU'd by assuming the fixed plan at any 
arbitrary level below every cun'e and })oint to be represented. When below 
the water levi'l, these curves are sometioms represented by broken lines. 

XI. In constructing tlie section, the horizontal lines in which the horizon- 
tal p!an<'8 of the curves are cut %re usually put down, with the references on 
the curve of section as shown in Fig. F. 

XII. Th<' lines and the points of all the fortification can be represented 
in their relative positions in the same maimer as the curves and sections of 
the grotmd. To desif^nate any point on the plan, the point is embraced 
within iho symbol thus ('8.45), which expresses that the point is eight feet 
and forty-five hundredths of a foot abore the plane of reference. A right 
lin«% which is not horizontal may be represente*! by the reference of each 
extn^mity as shown on the lines mn, op, qr, and st, Fig. D ; and when hori- 
Kintal a single reference Ls written upon the line as in horizontal curves. 

XIII. To draw a profile, a line repres4*nting a 8(rc:ion of the natural 
^arfar.•c• is first drawn. When the surface is horizontal this will be a 
right line. We next assume (Figs. A, B) any starting point, as a, from 
which tlie horizontal distances ar»» successiyely set off towards the right. 
Fri»m the points thus set off, as b, r, etc., perpendiculars art* drawn to the 
line of the ground, and upon these, in succession, the vertical heights above 
the hne of the ground armset off; by joining the points thus set off by right 
Hne:*. the broken line a b c n, etc., obtained, is the outline of the profile of 
th*- embanked portion of tlie fortification. In like manner setting off the 
horiz4»ntal distances r a^ q h, etc, and the rertical distances h h, i I, to 
which the excavation extends below the surface, and joining f n, etc., the 
bffiken Hne r h i k is the outhne of the excavation from which tlie enibank- 
metit is formed. 

The drawing is completed as shown ; the embanked portion by short par^ 
ailt>l lineft put in within the outline; the part excavated with like lines with 
otliem drawn across them as shown. 

Tho profile bring assumed as uniform throtighout, tlie lines in plan which 
corre.wpond to the points a, b, r, etc , t»f the profile, will be horizontal and 
parallel and will bo drawn paralhO to each other on the plan, as shown. 

XIV. The profile is usually drawn separate from the pUn and to a la*ger 
scale ; but to show the connexion of the two it is often drawn on the plan 
where it is supposed to be taken, or a little beyond it on the prolongation 
of the Udm of the plan ai shown on Figa. A, B. 
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XT. The boriEODtal tuid vertical distances of pointa ahcnld be very care* 
fblly written on the profile in nmnbera, the foot being taken as the standard 
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measure, and the disbmcea being es[H:«Raed in feet and dnodeciinal or deci- 
nkal parts of a foot. Thvso numbers should be written npon or along the 
line, and an arrow head should be placed at each end of the distance des^ 
Dated by the number. The standard unit for th§ distances on the plan is 
usually the yard, for the coDvenience of having fewer numbers to writ«. 

The uniform slopes of embanked parts are represented by a fractional 
number written along the slope, as }, ',, i, etc., which signify that the slope 
is ona, two, or tix base to one perpendicular, as the case may be. 

Where the ground ia horizontal and the profile nniform, there will be no 
necessity to nse references on the plan, as the vertical distances are given 
on the profile. 

XVL The drawing should be made to a convenient scale. As has been 
■tated, the profiles, sections, and elevations ocoopying leas space than the 
plan, may be drawn to a larger scale than it. The scale of the plan will be 
regulated by the extent covered by the fortification and the size of the sheet 
on which the drawing is to be mad& 

XVII, When the ground is not horiiontal, the firrt tUng to be done is 
to construct with care the outline of the profile of the ground a x (Fig. O), 
to the extent covered by the profile of the fortification. This is done by 
■seaming a starting point a of which the t«Ebr«noo is known, and through 
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IZ 



it drawing » huruonUl line a z', U & datum line, mlong which the horiton- 
Ul diiruicea are t« be aet off, and the Tertlcal distutoes on lines perpendS- 
raUr to it Taking a giTsn borieontal distance A z', the rerticd cUst>DC« 
X* X of the point on the ground oorreaponding to it, will be readily found 
from the reference of the horizontal curre drawn through it; and in lika 
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tiuuiDer the diatancee f ' j, z' i of the points y and i below a z'. The line 
A X y E X drawn through the points thus set off, is the profile of the gr lund. 
In like manner the horixontal dialances from a of the points of the trmbaak- 
neol and eicavatiun will be si;t off from a, and the Tertical diiitanci'ii oflho 
points of the profile above and bi'low a X', and these points joined bj Lnes 
to ccmplete the outline ; the profile being numbered and finished aa already 
preacribed. 

In these two flgnres the lineiton the plan coircRpondiDii; to the points r, o, 
D, and I, He lionsontal ; bat the lines mn, np, qr, and st, corresponding to 
the points > anJ k, on Rg. C, where the embsnicment joins the natural sor- 
&;e, are curred and follow the fall of the surface The base of the em^i^mked 
portion and the upper part of the excavation will also be irregular in their 
witllhs. 

XVHL The drawing of the plan will be iwmewhat more complex than 
for a borixontal site If the upper line.'' of the embankment are all parallel, 
tbeT will be so drawn In the plan. To obtain tlioiie which corrrspoiid lo a 
•ad r, in which (be embsnkment meets tha natural wrfkoe, Mveral p oGIm 
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INTEODUCTOEY, CHAPTEE IL 

cm THB imOTS or MUSKETBT and ABrXLLIBT, AND TBI MXAHS OF DIRIOTIira 

THUS FIRI TO OBTAIN THI BEST BUULTB. 

As the object of all defensive arrangements, whether artificial objects be 
raised, or the natural features only of a position be seized upon for the pur- 
pose, is to place troops under cover from the enemy's fire, and to enable 
them to deliver their own with effect, some knowledge of the chances of 
hitting a mark of given dimensions at various distances, as well as the 
influences which the undulations and character of the ground, and the phy- 
sical and mental state of the party firing, may have upon their aim, are 
essential elements in estimating the probable effects to be produced. The 
ol^t of this introductory chapter is to present, from the most ^«cent and 
authentic sources, some of the facts arrived at by eaEperimerU^ which bear on 
the question. 

L Remark$ on Target Practice of Sfnooth-Bore Small Arms, There is no 
&ct more striking than the great disproportion between the number of com- 
batants put hor$ du combat and the amount of ammunition expended, even 
in the most bloody engagements. Hundreds of instances might be cited in 
support of this. MiHtary writers estimate that not more than one ball out 
of ten thousand attains its mark ; and it is estimated, for example, that in 
the expedition of the French to Algiers, in 1830, which lasted but fifleen 
days, upwards of three millions of cartridges were consumed. The causes 
of this disproportionate application of means to an end, may be found partly 
in a careless use of his ammunition by the soldier ; partly in the want dT 
good instruction and frequent practice, particularly in those men who have 
not been familiar with the use of fire-arms from Uieir youth ; partly in the 
haste with which a fire against an enemy is delivered, which destroys calm- 
ness sod good order, and impairs the aim ; but chiefly by the over estima- 
tion of distance caused by fear, smoke, and the movable character of the 
mark. 

Much depends upon the attention to his duties paid by the officer to pre- 
vent this. The men should be fi^uently practised at target firing, and be 
taught to note the influence which the firmness with which t&e piece is 
pressed against the shoulder, its depression or elevation, according to the 
distance of the target and the character of the ground, both as to the hard- 
nees of its surface and its undulations, have upon the accuracy of the aim. 
This practice should not be confined to the open field, but be also extended 
to the various positions in which soldiers may be placed behind breastworks 
and other shelters, such as palisades, stoocades, loopholed walls, abattis 
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arranged for defence, etc., in order that the soldier may feel himself perfectly 
at home under all circumstances, and not be called upon to cast about for 
the best way of managing his piece in erery new emergency. So far from 
m'ging the men to load and fire rapidly, every pains should be taken by the 
officer to impress upon them the necessity of not hurrying, of keeping per- 
fectly, cool, of loading steadily and aiming deliberately. Volley firing is 
admirable practice for this purpose ; that by files is apt to give a slovenly 
and hurried action to the soldier. The fire of troops in line should be kept, 
iS &r as possible, under the control of the officer. His position and means 
of estimating distance enable him far better to judge of the proper moment 
than the men generally can. It is generally admitted that not more than 
four or five rounds can be fired in two minutes, allowing the men time to 
ium dehberately ; three may be fired in one minute, but at the expense of a 
good aim. 

As all infantry now are instructed as well in the duties of skirmishers as 
in the ordinary service of the line, they should be practised at firing both 
at a small mark, like the ordinary round target, and at a large square one, 
with black bands made across it, showing the ordinary height of the knees, 
centre of the body, the breast, shoulders, head and top of the ci^. 

As the point blank of the musket fired with the bayonet off is at about 
120 or 130 yards, to attain a point at this distance, it must be directly aimed 
at; when it is at a distance short of this the aim must be below it; ami 
when at one over this, the aim must be above it With the bayonet fixed 
tjiie musket has no point blank, and to hit a point the aim must always 
be above it 

The following rules for aiming are given by Piobert, a recent French 
author of high standing, in a work on artillery, as drawn from the practice 
jpi£ the French. 

To hit the centre of the body, at all . distances up to 110 yards, with 
bayonet fixed, aim at the breast. 

To hit the same point, firom 110 to 150 yards distance, aim at the shoul- 
fjers. 

To hit the same point, firom 150 to 200 yards distance, aim at the head. 

To hit the same point from 200 to 220 yards distance, aim at the top of 
the cap. 

To hit the same point, firom 220 to greater distances, aim -according to 
circumstances. 

11. Probable Effects of SmaM Arms. Beyond 220 yards the effect of the 
fire is very uncertain. Beyond 450 yards the ball seldom gives a dangerous 
lf<round, although the musket, fired under an elevation of 4^ or 5^, will 
carry from 600 to 700 yards, and under greater elevations over 1000 yards. 

The nature of the surface of the ground, as ha^ already been stated, has 
considerable influence upon the efficacy of the fire. In broken, or ploughed 
ground, fire is less efiective than on an even firm surface, since in the former 
die balls that strike it are embedded, whereas in the latter they ricochet^ and 
tbuB attain their mark ; it being estimated that, under favorable circum- 
Stances, about one-aeyenth of the baUs produce their effect in this way. 
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Decker, a (German author of reputation, lays down the following as the 
probable number of balls out of 100 which will attain their aim when fired 
bj well instructed troop>8, making full allowance for the over-estimation of 
distances in firing on an enemy: 
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The firing of skirmishers is the more effectire from the greater delibera- 
tion in aiming and in seizing upon the opportune moment Volleys pro- 
dace a tremendous stofrgering effect, by the simultaneous fall of nambera, 
when they are coolly thrown in at short ranges. To produce this effect 
they ought not to be delivered at greater distances than 200 paces. 

Decker condemns file firing except for the purpose of occupying new 
troops when first brought before an enemy. 

in. Rangee and probalU rffecU of Smooth-Bore Field ArUMery. In artil- 
lery practice, the greatest deliberation and coolness must be exercised to 
obtain good results. There are so many circumstances which affect the aim 
of artillery, that nothing but the most careful attention to the effects pro- 
duced by the first few rounds will enable the officer to manage his goni 
with adTnntage. 

The point blank range of six-pounder field gims is about 600 yards, and 
that of twelve-poundfrrs about 700 yards. The chanct»« of hitting a mark 
•re leas with pieces of small than of large calibre, owing to windage, the 
effect of wind, etc The ranges of all calibres vary more when the*piecet 
fired under small angles of elevation than under large angles. 
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The following Tahles of the number of halls out of 100 which wiU attain a 
target six feet high and ninety-five feet in lengthy at various distances^ is taJeen 
from Piobert : — 
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Table of the number of baUs out of forty-one in a canister which attain a 
butt six feet high^ and fifty feet in length. 
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The usual diameter of grape is about one-third that of the ball. To pro- 
dmce a good effect at a distance, grape ought not to be* less than one inch in 
diameter. Smaller balls produce greatest effects at short distances. G-rape 
of one-third ihe diameter of the ball has sufficient velocity at 880 yards 
with twelve-pounders, and 760 yards with eight-pounders, to disable men. 
When the distance is within 500 yards, the fire of grape is superior to that 
of ball against troops. 

In howitzer practice the shells are fired with small charges, as they 
break easily when they strike an obstacle with a great velocity. The point 
blank of the howitzer varies with the charge. The greatest range of the 
twenty-four-pounder howitzer is about 2200 yards; that of the six-inch 
about 2600 yards. 

The chances of hitting a mark with the howitzer diminish as the length 
of the bore, the calibre and weight of the shell decrease. The deviations 
with small charges are nearly double those with heavy charges. 

The shell of the howitzer produces no effect when fired against masonry, 
as it invariably breaks. It imbeds itself in earth and wood, and bursting 
produces a considerable crater. The fragments of the shell are oflen thrown 
to distances over 600 yards, and they do great damage to objects near. The 
wounds from them are very dangerous. The shells loaded with incendiary 
composition are used to fire buildings. 

The rate of firing for field guns is fi^m 35" to 40" for six-pounders, and 
one minute for twelve-pounders. But when the enemy is close at hand, 
and deliberate aim not necessary, two rounds may be fired per minute. 

rV. Selection of positions for Field Batteries. The position taken up on 
the field for a battery must be looked at in a double point of view. 1st. 
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M to its suitablenees for annoying the enemy, and 2d, as to its being favor- 
able for limiting the effc^cts of the enemy's fire aimed at the battery. 

As a general rule artillery should overlook all the ground over which an 
enemy might advance, the pieces of heaviest calibre being placed on the 
most commanding points. The batteries, howerer, should not be \^ithin 
musket range of wooils, or of any ground where the enemy's sharpshooters 
might find cover to annoy thenu The slope of the ground on whicn the 
gun rests must not be too oblique to the line of fire, oUiorwise the shot will 
not tell ; the declivity of the ground should never exceed one perpendicular 
to fifteen base. When the ground between the battery and the enemy is 
horizontal and firm, it will be best to take a position near the enemy, as the 
ricochet shots on such ground do not rise much. If the ground is uneven 
a distant partition may be more favorable to obtltin a grazing fire. Positions 
should be so chosen that hollows, woods, villages, etc., on the front or 
flank of the line occupied by the troops, may be thoroughly swept, to pre- 
vent the enemy's columns from approaching under cover. 

Advantagt^ should bo taken of any unevenness of ground to place the 
artillery under cover until called into action. But all broken ground occu- 
pied by batteries should be thoroughly examined, and the avenues leading 
to it, by which the enemy's cavalry might fell upon the batteries, should be 
obstructed. Stony ground is a bad position for a battery, owing to the 
effect of the enemy's shot in scattering stones. Very even ground is 
un£ivorabIe, as well as uneven ground which opens in a funnel-shape out- 
wartl* from the battery, as the enemy is enabled in either case to concen- 
trate his fire from an extended front upon the battery. Rough ground 
breaks the effcrcts of the rnemy's ricochet shots, and when it presents bluffs 
or perpendicuUr faces towards the enemy it will stop the balls that strike 
thoK« part& Undulating ground hinders the enemy from observing tlie 
effects of his fire. If the ground in rear of the battery is hiddi^n the enemy 
will generally aim too high : but if the battery is relieved ag:iinst the sky 
it will assist his aim. It must be borne in mind that in taking a<lvantage 
of undulations to cover a batterv it will not do to fire firom behind the 
covering ridge, as the aim and range will be rendered very uncertain. Bat- 
teriea should never be placed directly in front of other troops, since they 
necessarily attract the enemy's fire to them, and would therefore cause 
great damage to the troops in rear. 

T. Managemeni of the Fire of Batteries. The management of the fire 
with regard to the projectile to be used is very important It has been 
obeerve<l that the ball ami howitz produce a greater moral effect upon troops 
than grape. When it is taken into consideration that a six-pounder shot 
will tAke off twenty-four ranks at a distance of 600 to 600 yards, the tre- 
mendous effect of a smashing fire of ball upon a column may be readily 
understood. A fire of ball or shells should, therefore, be opened upon 
troop? at a distance, when they are in mass, in several lim^s, or when an 
enemy's line can be enfiladed. When an enemy's column is atlvancing a 
ftre of ball should bo opened on the head of the column ; and if it be in 
ftlfMt tbe aim ought to be directed on the centre. The fire of shells is 
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good against caralrv, as it prodaces disorder from the explosion of the 
BhclL 

A fire of grape or canister shonld be opened on troops in line, or in open 
order, but not at distances greater than 600 or 800 yards. In an attack 
upon troops in line, a batteiy may advance to within 400 or 500 yards 
before opening its fire of grape ; and even nearer if the ground is unfavor- 
able to ricochet, and there is but httle danger from au attack of the enemy's 
skirmishers on the flanks of the battery. When an enemy's battery advan- 
ces nearer than point blank range, a fire of grape should be opened upon it, 
just at the moment when having commenced the movement to place the 
pieces in battery, the flanks of the horses will be offered to the fire. 

As a general rule, the aim should be rather low, as ricochet shots pro- 
duce considerable moral eflfect. For this purpose, when the ground is favor- 
able to this fire, the aim should be at the mark, but rather under it for dis- 
tances within 1200 yards ; beyond this, and up to 1800 yards, when this fire 
becomes inefficacious, the piece may be fired with an elevation of one degree 
between its axis and the ground. 

Our fire should be concentrated on several points in succession ; but the 
pieces of the battery should be separated at wide intervals, when the posi- 
tion will admit of it, to offer fewer chances to the divergence of the enemy's 
shot. It is seldom of any use to fire a single piece at a small mark, as a 
group of a few individuals ; if it be suspected that any important personage 
may be in such a group we should let them have the discharge of an entire 
battery at once. 

The ammunition of the pieces should be economized, unless it be neces- 
sary to drown the fears of new troops in noise. 

VI. Position of Batteries in Attacking and Defending Tntrenchments. In 
the attack of intrenched positions, the batteries should be placed to obtain 
enfilading views on the enemy's lines, and a fire be opened with ball and 
shells fVom pieces of the heaviest caHbre. When our column of attack has 
arrived near the works, the batteries should be so posted as to support it if 
repulsed. 

In the defence of works, the pieces should be so placed as to cross their 
fire upon the ground over which the enemy must approach. The heaviest 
pieces should be placed on the most secure points, and in such positions 
that their fire may not incommode the troops defending the work. The 
light guns should be placed at the advanced points, as they can be most 
easily withdrawn. The howitzers should occupy points from which hollows, 
woods, etc., in advance of the works, can be reached by their shells. 

VII. Eff&U^ etc,y of Battiriesfor Harbor Defence, As very erroneous and 
rague notions are at present afloat with respect to the effects of artillery 
against shij)ping and batteries, a statement of some of the more settled 
points may not be hero misplaced 

Heavy ordnance, from twenty -four-pounder guns upwards, eight-inch 
sea-coast howitzers, commonly known as Paixhan guns^ or Columhiads^ and 
heavy mortars, should alone be used for harbor defences. 

The projectiles of heavy guns, after ricocheting under angles of 4® or 6® 



INTRODUCTORY. XVll 

on water, lose but little of their velocity ; the ball, for example, of a twenty- 
four-ponndtT, after a ricochet, preserves sufficient force to pierce the side of 
a woo<len line-of-battle ship at (500 or 700 yards distance. 

Tlie destructive ranges of sea-coast howitzers, fired with heavy charges, 
are as high iis between 3000 and 4000 yards. Those of heavy mortars are 
even greater, and their shells fired under great angles will bnak thronj;h 
two or three decks of a ship. Both of tliese projectiles produce tlie moat 
destructive effects when they lodge and explode in timl)er or between 
diH;k& 

Batteries, if properly plact»d, have the two-fold advantage of striking 
shipping either by a direct aim, or by ricochet ; and this does not require, 
as is generally thought, that the battery should be at the water's edge. 
When shipping cannot approach nearer to the battery tlian between 200 
and 300 yards, it may be from fifty to fifty-three feet above the wat<T Ivy A 
and still attain a vessel by ricochet shot, by aiming rather low. T() effvl 
this the aim should be so tak«n that tht* ba'L were it to plung** un<ler the 
veswel, would pass about as far bt»low the water level as the upper deck is 
above it. If vessels cannot get nearer than between 400 and 500 yards, 
then the battery will have the same advantages if placed from ei^'hty to 100 
feet above the waU-r level. These advantjiges of ricocliet double the chances 
of batteries, during a calm, at distanees !)etween 200 and 700 yards. 

The '-ffect of projectiles upon strong masonry is very gradual. It requires 
several hours of cool, systematic firing, at very short ranges, to open a use- 
ful bn*ach in a well built wall of p< »od stone. The effect of shells, fired 
against walls of brick even, is absolutely null, as they invariably break, and 
make but a slight impression upon the wall A brick an.'h three feet thick, 
coven-d with about the same thickness of earth, will sustain, without injury, 
the shock of the largest shelU falling from the greatest heights. 

In the fin? from shipping upon elevat4*<l batteries the advantages from 
rieo<.*het shots are last. Even when the battery is low, if the ground 
between it and the water be cut into perp<'ndicular steps, the effects of 
ric«»chet will l»e considerably lessened, as every shot that strikes the face of 
a (itep will be stopped. 

Batt«'rie8 have this farther advantage over vessels, that the hull and rig- 
ging of the latter present a large vulnerable mark for every gun of the for- 
mer. To compensate for this, ships can !>ring a large number of guns to 
bear on the same point. 

^Vben batteries are low, and the water will admit of shipping to approach 
wHhin musket range, the gunners may be driven from their pieces by a fire 
from the ship tops. To provide against this, there should be a few light 
guns on secure points to fire into the tops with grape. 

VIIL Ibbln j^iving the Penetration of the ProJtctUe$ of Smo<fih Bort Canntm 

and Small Arms into various Media. 

In order to insure perfect security, the thickness of parapets ought to be 
one-half greater than the depth of penetration furnished by experiment. 
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As a general rule, the f llowing dimensions maybe taken for the parapets 
and other coverings for field works : 



.Ifnskei proot 



Brick wall of one brick 

Btone ditto, 6 Inches 

White Pine fence, 12 inches 

YeUowdltto, 9 " 

Oak (seasoned), 4 " 

Earth, three to four feet 

Earthen parapet against field-pieces, from nine to twelre feet. 

From experiments carefully made to ascertain the distance into which 
shot will penetrate the media in most common use for forming parapets, the 
following results have been obtained : 
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By adding three-fourths of the above distances to themselves, the pene- 
tration into good brick masonry will be obtained. 

The effect of shells fired against masonry is very trifling; they either 
break without exploding, or produce but a slight impression when they 
explode id contact with the masonry. 

POrBTBATIOH IHTO OIK WOOD WITH SAlfB OHABOH 

18 pounder shot, at about 440 yards 8 feet Inches. 
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The penetration into white pine is about three-fourths greater than into 
oak. 
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INTEODUCrOBY. 

The penetrations into sand mixed with gravel were about 0.6 of the 
above ; into earth mixed with sand and gravel, about 0.9 ; into compact 
soil of clay, sand, and mould, I.l ; into common soil, loosely thrown up, 
•bout twice the above. 
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X. Extrada frttm Tables computed hy Brevet-Major Mordeoai, sKowing the 
Velocitiei and PenetnUums of Cannon Balls and Shells at various Dis- 
tances from the Oun. 

The initial velocities used in computing these tables were, in most cases, 
obtained by direct experiment with the BaUstic Pendulum at the Washing- 
ton Arsenal. 

Those of balls from the Columbiad were obtained by calculation on prin- 
ciples deduced from these experiiiientH. 

According to tlie French experiments at OaiTS^ it appears that a ball will 
n(»t stick in oak timber if it strikes the surface under a smaller angle than 
15^, nor unlets it penetrates to a depth nearly equal to its diameter. 

The penetrations in other substances are obtained by multiplying those 
given by the following tables in oak, by the following co-efficients : 

IjM for eompact earth, half sand and half LSO for b««ch and vhlte plna. 

clay. i.00 for poplar. 

1 OS for und mixed with graTtL 0.19 for Umealooe rock, 

till for f^«ah oarth. 0.41 for maaomy of good qoaBtj. 
LSSfiirtaiiL 



INTRODUCTORY. 



TSLOOITIES AKD PKNBTSATIONS OF SHOT AND SHELLS FROM A 12-POUyDER 

SIEOB AND GARRISON GUN. 
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YELOCITIES AND PENETRATIONS OF SHOT AND SHELLS FROM A 24-POUNDER 
SIEOE AND GARRISON GUN AND FIELD HOWITZER. 
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TXLOOITIES AND PEVETRATIOK8 OF SHOT AND SHELLS FROM A 32-POUNDEB 

SEA-COAST Onr AND FIELD HOWITZER. * 
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TELOCmn AND PENETRATIONS OF SHOT AND SHELLS FROM 8", 10'% AND 

12'' COLUMBIADS. 
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YEL0CITIE8 AND PENETRATIONS IN OAK. 
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XI. Hxtrads/rom Experiments made on the Penetration of the ProjecHles of 

Rifled Cannon and Small Arms. • 

A large number of experiments have been made in Europe on the com- 
parative penetration of the projectiles of smooth bore and rifled guns into 
earthen parapets. In but few of the experiments, with rifled cannon of the 
heaviest calibre, have the depths of penetration into ordinary earth ex- 
ceeded twenty-two feet. This arises from the deflection, from a rectilinear 
course, which the oblong rifle projectiles almost uniformly take, in their 
progress in the earth. It is only at comparatively considerable distances 
that the superiority of penetration of the oblong projectile from the rifled 
gun, over the spherical from the smooth gim, is very marked; Like con- 
clusions, it will be seen, are drawn from experiments made on our side. 

From experiments made in Belgium, in 1862, the penetration of the shot 
of a twenty-four-pounder smooth bore, fired with a charge of one-fourth 
the weight of the ball, into a mass of mixed earth, sand and clay, well 
rammed, at short breaching range, was twelve feet ; whilst that from the 
shot of a rifled gun of the same calibre, fired with a charge one-twelfth the 
weight of the shot, was fourteen feet. In the same soil a sixty-eight- 
pounder spherical ball, fired with a charge of twenty-two pounds of pow- 
der, nt a distance of 110 yards, penetrated somewhat over eleven feet. 

At a distance of 880 yards, the spherical projectile of the twenty-four- 
pounder smooth bore, fired with the charge of one-fourth the weight of the 
ball, penetrated to the depth of seven feet, whilst the oblong ball of the 
same calibre, with a charge of one-twelflh the weight of the ball, penetrated 
7 70 feet 
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The foregoing table gives a summary of the osperimenta made, in 1863, 
at Battery Cameron, under the dii'ection of Captain H. L. Abbott, U. S. 
Corpa of Engineers, and Colonel lat Connecticut Artillery, upon the pene- 
tration of shot into a butt of rammed earth, the range being 383 yards in 
each case. 

Diagram Nd,1. 
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In a report made to General Barnard, by Captain Abbott, June, 1863, on 
the penetration of shot into a Boil of sand mixed with a little clay, the whole 
well rammed, and having been erecied about eighteen months, Captain 
Abbott states as follows : 

" My inferences from these and my former eTperiments, reported on May 
lat, are the following: 

"1st, The penetration of elongated rifle .projectiles is very variable, 
depending on the axis of the shot. Where this remains parallel to the tra- 
jecto^, they exceed thofe of smooth bore shot of corresponding weight 
by, at least, one-fourth, and this too notwithstanding the much smaller 
charges and leas initial veloeity. If the projectile turns, however, as a very 
slight obstacle, eves a fascine, will compel it to do, the penetration is greatly 
reduced, sometiraeB nearly one-half. There is a marked tendency in the 
projectile to rise. 

"2d. The Parrott peroussion shell is admirable for blowing up magazines, 
as it does not burst until after at least three quarters of its penetration bat 
its capacity must be greatly increased to do any damage to parapets. The 
Parrott time shell i« not to be depended upon for this kind of service, the 
fuse being very liable to be extinguished. 

"3d. As the velocities and consequently the penetrations of an elongated 
projectile diminish very gradually, it is not safe to depend upon less than 
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twelve Jmi of well runmed earth of old parapeto to render a plank magazine 
above ground secure ; or at least twenty feet of fresh dug earth. Hence, in 
good soil there is an economy of labor in siuking magazines entirely below 
the surface of the ground. If this cannot be done, a covering of small logs 
or of fascines, laid over the exposed parts of the outoide of the magazine, 
adds much to its security, by deflecting the projectilee^ and thus reducing 
their penetratiQ|;L" 

In the Journal of the siego of Fort Wagner, it is stated that, '* the 
ricochet of the large shells from the smooth bore navy guns was uniform, 
and landed nearly every one in the Fort. That of the army rifled gun was 
irregular; most of them exploded when they struck, throwing up a great 
quantity of sand wlu .h falls back in its place, hence inflicting no injury but 
what may arise from the heavy jar. '* 

A wide range of experiments was made at Magdebourg, in 1862, by a 
mixed commission of Russian officers of engineers and artillery, to ascertain 
the penetration of solid and hollow projectiles, of rifled, breech-loading, six, 
twelve, and twenty-four-pounder guns, and the explosive eflfecta of the lat- 
ter, in parapets and traverses of compact clay and sand. The ranges vary- 
ing from 800 to 1100 paces. The following are the conclusions drawn by 
the commission from these experiments : 

Ist. That the accuracy of Ore of rifled guns and the explosive effects of 
their projectiles, will enable earthen parapets the least favorable to the 
attack to be de:)troyed at great dintances. Nevertheless, from the large 
expenditure of costly munitions which will be required for this purpose, the 
aesaiUng party will but in rare cases attempt to breach parapeta in this way. 
The defence having the means of repairing at night the damages done in 
this way by day will, with ordinary activity, have the advantage over the 
attack. 

2d. In seeking from experiments the thickness which should be given to 
parapets, the explosive effects of the hoUow projectiles should be taken as a 
base rather than tlieir depth of penetration, because from the nature of the 
fbwt employed, these projectiles explode before reaching their entire depth 
of penetration. On the other hand, the general use of time fuses of the 
kifid tried presented great difficulties. 

3*1. In connexion with this subject, it may be added that as flel 1 fortifi- 
cations have but a temporary object to subserve, and are rarely designed to 
offer a resistance to a tire of considerable duration ; as they are moreover 
of hurried execution, and would require an expenditure of labor and time 
out of all proportion to any advantage that might accrue from a considerable 
increase of parapet, the rule of giving such works parapets of only from 
eight to twelve feet at the most may be safely adopted. 

4th. Like considerHtions would prescribe twenty feet as the limit of the 
thickness of the parapet for permanent works generally. In cases, however, 
where great strengUi seems neces&iry and where the advantages of positioni 
for the assailing batteries are very marked, it would be well to increase thii 
thickne»< to twenty-four feet. 

The foint* of the parapet where this increase of thickness wouM be moit 
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useful, are those which are on the prolongation of the terrepleins of the 
work and adjacent to the salients. 

The best manner of doing this would be to raise the parapet at these 
points two or three feet, so as to bring the top of it on a level with the tra- 
verses and to give this raised portion a thickness of twenty feet. In this 
way a considerable extra thickness will be obtained at the onginal level of 
the exterior crest of the parapet, and the traverses will be better covered 
from the effects of shot fired with full charges to enfilade the terreplein. 

6th. The traverses should be raised four feet above the general level of 
the exterior crest and made eight feet thick at top. In this way a consider- 
able extra thickness will be obtained at the level that it was usual to give 
them, which was only two feet above the general level of the exterior crest. 

To exceed this limit would encumber too much the terrepleins. Tra- 
verses, constructed on these rules, give great security against the plunging 
fire of projectiles of the heaviest calibre, as but small charges can be used in 
these caries, which diminish very much both the accuracy of the fire and the 
depth of penetration. From results of these experiments it may be stated, 
that the projectile of a twenty-four-pounder gun, with a range of from 
1200 to 1300 paces, will strike the base of a traverse placed at twenty-five 
paces to the rear of another ten feet in height This could not t«ke place 
from a battery nearer than this distance ; moreover, to strike the second 
traverse, at a point midway between the top and bottom the charge of pow- 
der should not exceed three pounds. 

These results are of importance, from the void spaces which it is neces- 
sary, in many cases, to leave iti traverses, since the position and the con- 
struction of these void spaces depend upon the depth of penetration. From 
these experiments it also results, that the bottom of the cavities in tra- 
verses, in giving them the usual dimensions, should be placed considerably 
below the level of the terrepleins of covered ways, to make them secure 
shelters. 

6th. The parapets of trenches should receive a thickness such that they 
will not be penetrated at the level of six feet above the bottom of the 
trench, by the projectile of a twenty-four-pounder gun. As the depth of 
penetration of these projectiles is about fifteen feet, the normal width of the 
base of the parapet of the first parallel, which is sixteen feet, and the depth 
of the trench, are insufficient for'safety ; the depth of the trench and the 
thickness of the parapet should both be increased in this parallel 

In the Journal of the siege of Fort Wagner, an observation is made upon 
the expertness with which the besieged filled up the throats of their embrar 
Bures with sand bags, after each discharge of their cannon, so as to cover 
their cannoneers thoroughly from the fire of our sharp-shooters. The facili- 
ties with which repairs were made, by the besieged at Sebastopol, at night, 
of the damage done to their parapets by day — also, like facts of more recent 
occurrenoe in our own experience, and those observed at Fort Wagner, and 
in the preceding experiments, showing the comparatively slight real damage 
done by the explosion of hollow projectiles in earthen parapets, owing to a 
large portion of the lifted earth falling back into the crater, prove how diffi- 
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colt IB the breaching of such parapets ; and that but in few, and those rery 
fiiTorable cases, would the attempt to do so repay the cost of time and the 
expenditure of ammuoition. 

Retvlts of Experiments mcide to ascertain the Penetration of the Elongated 

Projectiles of the Parroti Gun into Earth, 

The butt in this case was formed of gravel mostly less than a quarter of 
an inch in diameter well rammed. 

The range was 1000 yards. 

For the solid projectiles of the twenty-pounder and thirty-pounder guns, 
the average penetration was three feet. 

For the solid projectiles of the gun having a bore of six seven-sixteenths 
inches, weight of projectile eighty pounds, the average penetration was 
•even feet • 

For the sohd projectiles from the eight-inch gun, weight of projectile 150 
pounds, the average penetration was eight feet 

In the report made to (General Delafield, Chief Engineer, by Captain 
McAleater, Corps of Engineers, he states : '^ Observing the slight effects on 
the butt from the explosions of the hollow projectiles, and these explosions 
ilways took place backwards, apparently through the apertures formed by 
the rheOs in entering the parapets, it occurred to mo that the effects might 
be increased by using time fuses which should bum long enough to allow 
the shell to reach its ultimate penetration.'* 

Remits of Ezperimenis made at West Point by Captain Ben^t^ Ordnance 
Corps, upon the Penetration and Explosive Effects^ of the Projectiles of the 
Parrott Oun, 

The butt in this case was made from a mixture of sand and clay, free from 
gravel and compactly rammed ; tlie mass being confined on the sides by a 
atrong boarding placed vertically ; the front and rear receiving the natural 
dope of the earth. 

The range in all cases was twenty -four yards. 

For the Parrott, twenty-pounder, with a charge of three pounds of mortar 
powder, the greatest penetration was nine and a half feet 

With a charge of two pounds of the same powder, greatest penetration 
eight and a half feet 

With percussion shells and a charge of two pounds of the same powder, 
the average penetration was about six feet, and craters were formed by the 
explo!«ionfl of the shells having diameters of four and eight feet respectively, 
with depths of one and two feet respectively. 

For the Parrott, thirty-pounder ; weight of soUd shot twenty-nine and a 
half pounds ; charge from three and a quarter to four pounds of mortar 
powder ; the average penetration was about ten feet 

With percussion shells weighing twenty-five and three-quarter pounds, 
and the same charges of the same powder, the penetrations varied from four 
and A half to thirteen and a half feet 
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The craters from the explosions of these shells were from ten to twelve 
feet in diameter, and from two and a half to three feet in depth. 

For the Parrott, 100-poun'ler, weight of solid flat^head shot and of 
elongated shell varying from eighty to ninety-six and a half pounds, with 
charges of ten pounds of Hazard's number five and seven powder, the pene- 
trations were fourteen feet; with a charge of twelve pounds of number 
seven powder and weight of solid flat-head shot eighty -one pounds, the 
penetration was fifteen and a half feet ; and with the same shot and a 
charge of twelve pounds of mammoth powder, the penetration was eighteen 
and a half feet. 

A round thirty-two-pounder shot with sabot, the shot covered with cloth, 
fired from the same gun with a chaise of twelve pounds of Hazard's num- 
ber seven powder, penetrated ten and a half feet. 

With long shells weighing from ninety-six to 100 pounds, fired with 
charges of ten pounds of Hazard's number five powder, the penetratioa 
was from twelve and a half to fourteen and a half feet. 

An explosion firom one of these shells gave a crater of twelve feet diame- 
ter and two feet depth. 

For the Parrott eight-inch gun, weight of long shell 144 pounds, and of 
flat-head solid shot 150 pounds, charge of powder eighteen pounds, the 
penetration was fi-om twelve and a half to eighteen and a half feet. 

With long and short shells weighing from 142 to 146 pounds, with 
charges of powder from sixteen to eighteen pounds, the penetrations at the 
moment of explosion were from eight and a half to ten and a half feet ; 
giving craters from twelve to seventeen feet diameter, with depths from one 
and a half to five feet 

From the results of a few trials made by Lieut.-Commander Jeffers 
recently at the Washington Navy Yard, with a twelve-inch gun rifled 
according to Parrot t's plan ; weight of shot 597 pounds ; with a charge of 
thirty-five pounds of mammoth powder ; range 200 yards ; the penetration 
into a natural bank of clay, the face of which was cat down vertically, was 
thirty-one and a half feet. 

XII. Penetration of Rifled Prof ectiks from SmaU Arms inio various Media. 

During the siege of Fort Ws^er, the following results were obtained, 
from experiments made on the penetration of the projectiles of rifled mus- 
kets, at rancres from ten to fiften yards : 



kets, at ranges from ten to fiften yards : 



Dry yellov pine wood penetratioa firom 2^ to 8)^ inches. 

Green palmetto •* « t>i U) 8X " 

Dryfawlnes •* " 8^ to 9)^ " 

Dry sand in bags " •* 6 to 7 " 

Wet *• « u u 7;^ to 8X •* 

Loose damp land " " 8 to 14 •* 

CoiUm packed by hand in sand bagi penetrated tt ** 

The sand above referred to was a fine, light-colored quartz, weighing 
when dry eighty-six pounds to the cubic foot. It absorbs about three gal- 
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loos of water per cubic foot, diminishing in bulk about one-twentieth, and « 
then weighing 110 pounds per cubic foot 



EefuUa of ExperimtnU with Ihe Royal Engineer^ Lancatier Rifled Carbme. 
See Professional Papers of the Corps of Royal Engineers, VoL VI. New 
Series, 

laoffe 190 yardi. Greatest depth of penetratSoo into yeUov deal e.S locbei. 

* •• •* Mean *• " •♦ 6.8 ** 

* 410 " Greatest •• »• •« 4.9 •* 

•* " •» Mean " ♦• " 4.8S " 

* MO " Greatest " •* fresh oak «M ** 

•* *• »• Mean " •• - 2.68 ** 

****** Greatest penetration of six'tnch deal plated \ 

with sheet Iron three*sixieenths of an inch v 1.8 ** 

Uilck ) 

Mean penetration of same 1.08 ** 



With same range, three-inch oak covered with same sheeting, the ball 
pttBsed through the iron and penetrated tiie oak 0.3 of an inch. 



ResuUs of Expfviments on the PeneiratUm of Rifle Bullets into various Sub- 
stances. See Professional Papers of the Corps of Royal Engineers. Vol. 
VII. Kew Series. 

The arms used were the Enfield Rifle and the Lancaster Rifled Carbine. 



tventy yards ; with Lancaster Rifle, the mean penetration into a parapet of 

lil^t, landy soil, rammed lightly, was 15 inches. 

•* ** ** with Enfldd Rifle, chxumstances the same 10 "* 

** ** ** Lancaster Rifle, mean penetration Into solid oak 2.S ** 

•• •• •• Enfield Rifle •• - *• 2.75 « 

MM ** Lancaster Rifle, mean penetration lato two thicknesses of three 

inch oak aO " 

MM u Kofleld Rifle, mean penetration into two thicknesses of three 

inch oak 8.58 •• 

•• M M Enfield Rifle, penetration Into •olid pine, ir/M the grain 9.88 ** 

■• ** ** Lancaster Rifle, penetration Into sand bags, flUed with llgfat, 

■andy earth, and formed as a psrapet all slopped. 

** ** ** Enfield Rifle, one bullet passed through a itretcher. 

** ** ** Lancaster Rifle, penetration into s s^ roller four feet exterior 

diameter ; t.b feet interior diameter; nine Inches thickness 

of fBscine staflBng 9 inches. 

Enfield Rifle same penetmtlon as Lancaster Rifle. 
•• ** * ** Lancaster Rifle, penetration into fascines, nine Inches dUmeter, 

of green wood, bscked by earth. Through the fascine and 

into the earth 7 ** 

Enfield Rifle, same circumstances 8 ** 

MM M ^1^ Osblons of both brushwood and sheet Iron, filled f^esh 

with light sandy earth, the buUeU of neither arm passed 
through 
M 0f|j M It required a rope mantelet, Ilkethose used atthe siege of 8ehas> 

topol, consisting of three vertical and two horiiontal layen 
of foar and a hstf Inch rope, weighing twenty-seven and a 
half pounds to the square foot, to give Ml protection agalnsi 
the bullets of each arm. 
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From Experiments made on iron plates of rarious thicknesses it was 
found, that a homogeneous plate, three-sixteenths of an inch thick, and 
W(«ighing seven and five-twelfth pounds per square foot, gave security 
againMt the bullets of both arms, at ranges varying from twenty yards to 
200 yards. 

Boiler plates of a quarter of an inch thick, and nine five-sixth pounds to 
the square foot, were found not to be proof against either arm at a range 
of 200 yards. 

Hteel-pointed bullets were found to give slightly better results than the 
bullet of lead alone. 
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CHAPTER I. 

GENERAL PRINCIPLES AND NOMENCLATURE. 

L When an armed force is constrained to act on the defensive, 
either from inferiority in numerical strength or discipline to its 
adversary, it should endeavor to cx)unterbalance this disparity 
against it by selecting a position on which to receive battle, 
which will afford every military advantage to itself, and prove, 
in a corresponding degree, unfavorable to the assailant. 

2. General Conditions. A defensive position to afford these 
advantages should satisfy the following conditions: 

1. It should present natural obstructions to the advance of 
the assailed, so as to deprive him of the advantage which his 
superiority in numbers or discipline would give him in a hand 
to hand conflict. 

2. The features of the ground should screen the assailed from 
the assjiilant's view, and offer a>vers from the assailant*s fire, 
whilst their own fire can be used with full effect. 

8. It should command or overlook the ground over which the 
assailant will be obliged to advance, in such a manner that its 
surface will be swept by the fire of the assailed. 

4. In like manner all the lines of approach of the assailant 
should be swept not only by the front, but the cross fire of the 
assailed. 

5. It should offer no obstructions to the free movements of 
the assailed either for the offensive or defensive, and afford facili- 
ties for active offensive movements at the opportune moment. 

6. It should have secure natural points of support both on its 
flanks and in the rear. 

7. It should afford every convenience for encamping and sup- 

plying the army. 

1 
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8. Its lines of retreat should be ample and secure. 

3. As natural defensive positions, oflfering all or even the 
most essential of these advantages, are seldom met with, their 
defects have to be remedied by artificial means. These means 
from their object have received the name of fortification. 

4. Fortification may therefore be defined as &ie art of so 
arrajiging^a position selected for defence that an inferior force shdU 
he able to resist with advantage the assaults of one superior to it 

If the artificial means are of a durable character, and the posi- 
tion is to be permanently occupied, the works receive the name 
of Permanent Fortification ; but when the position is to be occu- 
pied only for a short period, or during the operations of a cam- 
paign, perishable materials, as earth and wood, are mostly used, 
and the works are denominated Temporary or Field Fortifica- 
tion, 

5. The term Intrenchments or Lines is applied to fortifications 
of considerable extent, thrown up to cover an entire army or an 
army corps on the front and flanks. A position so fortified is 
said to be Intrenched. 

8. The term Field Work is applied to a fortification of limited 
extent, to be occupied by a small isolated detachment dependent 
upon its own means of resistance. 

7. Fortifications should be regarded only as an accessory defen- 
sive means, but still a very important one, and they will conduce 
to the end proposed, the more nearly they are made to satisfy 
the foregoing conditions of a strong defensive position. 

8. To satisfy the first three of these conditions, viz. : to offer 
an obstruction to a hand-to-hand conflict ; to shelter the assailed 
from the view and fire of the assailant ; and to afford the assailed 
a commanding view and a sweeping fire over the assailant's lines 
of approach ; fortifications must consist of a covering mass of 
earth, stone, wood, or iron, of sufficient height and thickness to 
screen the men behind it from view, and to intercept the missiles 
of the assailed, and of some obstruction in advance of it which 
will prove a serious obstacle in the way of the assailant's 
advance. 

9. Parapet. The covering mass (Fig. 1) is termed a parapet 
when it fulfils the last two of these conditions; when intended 
simply as a screen, as in the case of a cover for cavalry when 
waiting to be brought into action, it is termed an epaubneni ; and 
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1 Panpn^ * DUeli 

' wben vi»eA to cover troops from an enfilading fire on the flank 
>r in the rear, a traverse. 

lO. Ditch, The most usual obstruction to impede the ene- 
my's Rtlvanoe to atUick with the bayonet, ia a ditch placed in 
front of the parapet When the parapet is of earth, the ditch 
nirnisbea the material fur its conBtruetioii. 

IL Banquette. When the parapet ts too high to admit of a 

man atanding on the natural level of the ground to fire over 

h, m platform of earth op wood is plac«d behind it, from which 

\ die Boldier can fire at the proper level. This u termed a ban- 




■ «■■* k IW *nttt <f Ik* ■>■»>«. 
• ■ ■ ai mW* of Uu MMk 

■ ■ lh> rnMt at Ih* Oluk 



• I tt» Kmu* •( ttK DkclL 



Ike fHI of ItH tai^MMc MapK 
U<* CtM at U> - 
Ih* 1>^>M of \bm IbM 
Uh iDWrlor CrtM. 



i> roM oi iki dkdi. 



12. Banquette Slope. {V'lg. 3.) When the lop aur&oo of 
tbia platform, l<.'riiKHl the banqwtU tread, ia too high to bo reached 
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from the ground by an ordinary step, a ramp, either of earth or 
timber, is placed in rear of it, by which it is reached. This 
ramp is the banquette slope, 

13. Interior Slope. The interior face of the parapet, when 
arranged for musketry, is termed the breast height or interior 
slope ; when iov artillery the genoutllere. 

14. Superior Slope. The top of the parapet is the superior 
slxype, 

15. Exterior Slope. The exterior face is termed the ^cterior 
slope. 

18. Berm. Between the parapet and ditch a narrow zone is 
usually left on the natural surface of the ground which is termed 
the lerm, 

11. Scarp and Counterscarp. The side of the ditch adja- 
cent to the parapet is termed the scarp; the side opposite to this, 
the counterscarp. 

18. Glacis. A mound of earth placed in front of the coun- 
terscarp with a gentle slope outwards, is termed a glacis. 

19. Trench. To obtain speedy cover, the parapet (Fig. 3) 
is formed from a ditch within, termed a trench, of sufficient 
depth, with the height of the parapet, to give shelter to the 
troops when standing in the trench. The natural ground serves 
jw the banquette tread in this case. 




▲ Parapet ; b Trench ; o Banqnette Tread. 



20. The measures taken for the attack and defence of fortifi- 
cations have an interdependence so intimate that the dispositions 
made by the one party naturally control those that the other 
may make. The assailing force naturally seeks to advance on 
those points which offer the least obstruction, either by their 
passive strength or by the fire which sweeps the ground over 
which the advance has to be made. The most favorable case for 
the assailant will be where no fire from the assailed sweeps over 
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the ground along which he advances; the next is where, 
although the missiles of the assailed sweep above the approach, 
they pass so high above the assailant as to inflict no injury. 

521. Seotor ixrithout fire and Dead Angle. Where the 
first case occurs, the ground free from fire is termed a sector or 
wne without fire. The second is termed a dead angle or dead 

space, 

522. Front, Flank, and Cross Fire. In planning or dispos- 
ing fortifications in relation to the position to be defended, it is 
very important that the parts shall be so distributed as to 
obviate these two defects, besides satisfying the other general 
conditions already laid down, which are to bring a fronts fixiriky 
and crossfire upon the assailant's column of attack ; or, in other 
words, one sheet of fir(? that will sweep the column from front 
to rear, another to bear upon each of its flanks so as to cross 
their fire with each other and with the one from the front In 
this way mutual defensive relations are sought to be established 
between all the parts. 

523. Flanked Disposition. To effect this, certain parts are 
thrown forward towards the enemy, to receive his attack ; they 
are denominated advanced parts ; other portions, denominatcxi 
retired parts, are withdrawn from the enemy, and protect by their 




fif. 4. OcB«rml Plan of Intreochmeoto with FUnkiiic Arruifementt. 
OABaodirrftrathe Adranoed Parts. a o and c r tlie Uoct of Dcfboea. 

• c o ■ arc tiM R«tir«d Parta. OABandarparetbe Salieot AoglM. 
A o, A B, ■ r, and r p are tiM Fac«a. ■ c d and c d ■ the Re-entering Anfka. 

• c and o ■ ar« the Flanka. a o r and ■ c rthe Anglct of Defence. 
OStbeCvtalo. b a e and e F g the Seetora withoolfire. 

L H and V a the CapUala. 
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fire the advanced parts. This arrangement naturally indicates 
that the general outline of the plan must present an angular sys- 
tem ; some of the angular points, denominated salients^ being 
towards the enemy ; and others, denominated reenierings^ towards 
the assailed. 

When such a disposition is made, it is denominated KflomhddL 
disposition ; because the enemy's flank is attained by the fire of 
the retired parts when he is advancing upon the salients. 

A flanked disposition is shown in Fig. 4. The advanced parts 
are denominated /ice^; the retired parts, which protect the faces, 
ihQ flanks ; the retired part connecting the flanks is the curtain. 

The angle formed by two faces is denominated a salient angle , 
that formed by two retired parts, a re-entering angle; and one 
made by a face and the opposite flank, an aTigle of defence. 

The line bisecting a salient angle is denominated the capital , 
the distance from a salient to its opposite flank is a line of 
defence^ 
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CHAPTER IL 

FIELD WORKS ON A HORIZONTAL SITE. 

24. Sitey Ck>mmand, Relie£ The ground occupied by a 
work is denominated the site^ or plane of site. 

The command is the height of the interior crest above the 
nte ; and the relief is the height of the same line above the bot- 
tom of the ditch. 

25. Direot, Slant, Enfilading, Reverse, and Cross Fire. 
A fire is said to be direct^ slanly or enfilading^ according as its 
direction is perpendicular to, makes an angle of 30° with, or is 
on the prolongation of the line at which it is aimed ; when the 
line is taken in the rear the fire is denominated a reverse fire ; and 
when a given space is defended by the fire from several points 
crossing over it, the defence is denominated a crossfire. 

26. Relations of Parts in Flanked Dispositions. In plan- 
ning a work the interior crest is regarded as the directing line in 
r^ulating the dimensions of the faces, flanks, etc., because this 
lin« shows the column of fire for the defence. There exists a 
Tiecesrtary subordination between the plan, relief, and command 
of works, which prevents the dimensions of the one being regu- 
lated independently of the others ; but, without entering into a 
close examination of this necessary co-relation of the parts, it 
may be stated generally, that faces should vary between thirty 
and eighty yards, flanks between twenty and forty yards, and 
curtains should not be less than twelve times the relief. 

In establishing the co-relations between the different parts of 
any isolated works or combination of the elements of field forti- 
fication, the following rules should, as far as practicable, be 
observed : 

I. 

A flanked disposition should be Uie basis of (he plan of all intrench' 

ments. 

The flanks sweep with their fire the ground in front of the 
faces; remove sectors without fire and dead angles; cross their 
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fire in front of the salients ; and take the enemy's column in 

flank. 

II. 

Every angle of defence should not he less than 90^, or greater than 

110^. 

An acute angle of defence exposes the faces to the fire of 
the flanks ; a too obtuse angle leaves a portion of the ground in 
front of the face undefended. 

In the heat of action the soldier, from his position behind the 
parapet, naturally brings down his piece, in the act of firing, in 
a position sensibly perpendicular to that of the interior crest If 
every bullet, therefore, took this direction, those delivered just 
exterior to the parapet flanked would barely clear the men drawn 
up along it. On this account, and from the fact that unless 
checked before reaching the ditch the success of the assaulting 
column is greatly assured, it is better in field works to make the 
angles of defence so open that all the fire of the general defence 
from the flanks shall be thrown from just within the counter- 
scarp outwards ; and to insure the flanking of the ditches by 
cannon, or a body of infantry specially detailed for this duty. 

m. 

A line of defence should not exceed 160 yards for the ordinary smooihr 
bore musket, nor over 300 yards for the rifled musket. 

The lines of defence should be based upon the skill in han- 
dling their weapons of infantry in an ordinary state of efficiency, 
and allowance must also be made for the ordinary range of dis- 
tinct vision of such men. The fire of the smooth-bore, with 
troops in this state, is very effective at 160 yards ; and with the 
best weapons, the fire of none but well-trained and special 
troops can be depended upon much over 300 yards. Particular 
cases may require the lines of defence to exceed this limit. 
When they arise, they should be specially provided for. The 
shorter the lines of defence, where the flanking dispositions are 
good, the longer will the assailant be exposed to the fire of the 
assailed before he can attain the works, and the greater the 
chances of checking him. 

IV* 

A salient angle should not he less than 60^. 
A salient less than 60® is too weak to withstand the. effects of 
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weather ; the interior space which it incloses is too confined for 
the mancEUvres of the troops ; when its faces are not flanked, 
there will be a large sector without fire in front of it. 

The positions which the assailed can take up to enfilade either 
hcc of an acute salient are more favorable to him than in that of 
an obtuse one, as his guns are thrown farther from, and are 
exposed to a less direct fire of the adjacent face of the salient, 
and of any other parts of the fortification adjacent to this face. 
This rule, however, should not be taken as absolute, as many 
cases may arise where more acute salients can alone be obtained, 
and in which the troops being restricted to a passive defence, 
will require only room enough to load and fire either cannon or 
muskets. As such salients are necessarily very weak, the 
approaches to them should be 'obstructed by every means at 
hand. 

V. 

A strong profile is essential to a vigorous defence. 

The rapidity with which a column of attack approaches, and 
the short time it remains exposed to the fire of the work, unless 
detained by obstacles in front of the ditch, render its loss, gene- 
rally, so trifling as not to check its march until it arrives at the 
crest of the counterscarp. Here, if the ditch is deep, some delay 
ensues in entering it, during which the column is exposed to a 
warm fire within short range. When the ditch is entered, a 
more serious obstacle remains to be encountered, in the addi- 
tional height of the parapet and scarp ; and when this obstacle 
is overcome, the enemy presents himself in a fatigued and 
exhausted state to the bayonets of the assailed, who have 
mounted on the top of their parapet to meet and drive him back 
into the ditch. 

This rule is essential in all isolated works where, from the 
small size of the garrison, the defence must necessarily be of a 
passive character, being restricted to a simple repulse of the 
aasailant 

VL 

The work should be defended unth the bayonet^ and to the last 

extremity. 

Unless the assailed are determined to meet the enemy at the 
point of the bayonet, they must evacuate their work so soon as 
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he has entered the ditch ; a longer delay to retreat would be fol- 
lowed by the most disastrous consequences. 

The results of innumerable actions prove that the defence with 
the bayonet is the surest method of repelling the enemy. The 
assailed, having now become the assailant, are assisted by that 
moral effect which is produced by a change from a defensive to 
an offensive attitude. They have moreover the advantages of 
position and freshness over a climbing and exhausted enemy. 

21, Classes of Field Works. Field works may be classified 
under three heads. 

1st. Those which being secure on the flanks and in the rear, 
are assailable only in front 

2d. Those which are assailable in front and on the flanks, 

3d. Those which are assailable on all sides, 

28 First Class. The plan of the works of the first class, 
when the front to be defended is of very limited extent, may be 
a simple right line. From this line only a front or direct fire can 
be brought to bear on the assailant in his advance ; and when 
he attains the ditch, the fire of the parapet passing over his 
head, he is in a sheltered dead space where he can leisurely take 
his measures to assault the parapet. For extended fronts a 
flanked disposition more or less perfect can be obtained, from 
which cross, as well as direct fire, can be brought to bear on the 
advance of the assailant. The most simple combination for this 
object is the Oremaillere or Serrated Line (Fig. 5), which consists 
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flf. ft. PUn of the Cr^maiUtet, or Indented Lln«i 

of a broken line formed of long and short branches perpendicu- 
lar to each other. The salient angles are protected by a cross- 
fire, as well as a portion of the ditch in front of the salients; 
but the portion of the ditch at each reentering angle is a dead 
space, not being reached by the fire of the parapet. 

29. Second Class. The plan of the works of the second 
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claas admits of great variety, depending on the extent of the 
position. The most simple is that of a work of two faces only, 
the salient being towards the assailant's line of approach. This 
work (Fig. 6) is termed a redan. Its faces should receive a 



Pi^e 




Ilf. tt. Plan of the RedAn. 
A • And D art tbt fM«>. a d b tb« Gorge, or Gorg* LIim. 

B b a Pan^^oupAe. 

direction such as to sweep the approaches to the flanks of the 
position. From the angular point but a single line of direct fire 
can be brought to bear on the sector in advance of it, and when 
the salient is 60^ or less, only a very oblique fire from the faces 
can be brought upon this sector, which becomes thus a sector 
without fire for the assailed. To remedy this, a portion of the 
client is filled in so as to form a short defensive line perpendi- 
cular to the capital. This line is termed a pan-coupee^ and gives 
a direct fire in the direction of the capital prolonged outwards. 

When the faces of the redan cannot be so placed as to sweep 
well the flank approaches without making the salient angle too 
acute ; or when the flank approaches extend towards the rear ; 
then the plan may, in the first case, be what is termed a priest' 




fif. T. PUd of Um Prloit^eap, or BvaIlQffr4alL 



eop or svoaUow-iail (Fig. 7), in which the two main ftoes sweep 
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the flank approaches, and, instead of a pan-oaupSe, a broken line 
forming a reentering angle, placed in the salient, affords a cross- 
fire on the ground in front. 

In the second case a flank is added to each face of the redan, 
and receives such a direction as to sweep that portion of the 
flank approach which cannot be reached from the fiices except by 
a very oblique fire. This work is termed a lunette (Fig. 8). 




Fig. 8. Plan of the Lunette. 
B and c n are the Faces. a b and b d the Flanka. 

SO. Third Class. The works comprised in the third class are 
termed enclosed works^ as, being assailable on all sides, they must, 
for security, present an unbroken line to the assault 

These works may also be divided into three classes: 1st. 
Polygonal works or redoubts; 2d. TenaUled works or star forts ; 
8d. Bastioned works, 

3L Redoubt. A redoubt may be a polygonal figure of any 
number of sides, and when the site is horizontal, or sensibly so 
within the range of cannon, there is no reason for adopting any 
but a regular polygon for the plan. The most simple and the 




flf . 9. Plan of the Square Redoubt, with the fiMet at oim angle indented, and at the other 
itnmnfed with a pan^eoup^e. 
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most usually taken is the square (Fig. 9). The redoubt is named 
after the polygon assumed for its plan. 

The redoubt has sectors without fire at all its angles; and itd 
ditch is a dead space throughout. To remedy, to some extent, 
the first defect, the salients may be arranged with pan-coupies. 
The second can only be removed by defences in the ditch and 
exterior to the paraj^et. 

31. Star Ports. Star forts in plan consist of a polygon hav- 
ing alternately salient and reentering angles. The object of this 
disposition is to obtain cross-fires on the approaches upon the 
salients, and to remove the dead space in the portions of the 
ditch at the salients. This can only be effected in star forts hav- 
ing at least eight salients. In all other cases, when the salients 
are limited to 60*^, the reentering angles become too obtuse to 
admit any but a very oblique fire from the faces in the direction 
of the salients. 

Tiie star fort is sometimes planned by placing redans on the 
middle of the faces of a square redoubt (Fig. 10), thus giving 

ri^.io. 




Flf. 10. Plan of Star Fort for a polygon of eight ddefl. 

alternate salients of 90^ and 60^. In some cases (Fig. 10) the 
salients of 90*^ are reduced to 60^ by prolonging inwards the 
feces of the redans. When the site is horizontal there is no good 
reason for making the work irregular in its parts. 

The star fort, from its imperfect flanking dispositions, is but 
little if at all superior in strength to the redoubt For the same 
interior space for the uses of the garrison, the star fort presents 
a much longer line of parapet than the redoubt, to be defended. 
It is therefore only on irregular sites, or broken ground, that an 
application will be foond for it 
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32. Basiioned Ports. The bastioned fort has been devised 
to remedy the defective flanked dispositions of the preceding 
classes of works. 

The bastioned fort may consist of a polygon of any number 
of sides ; but for field forts, the square and pentagon are generally 
preferred, owing to the labor and construction. To plan a work 
of this kind, a square or pentagon (Fig. 11) is laid out, and the 




fig. 11. Plan of a Bastioned Fortf constracted on a Square. 

A B b the Exterior Side. a the Salient Angle. 

D the Perpendicular. ■ the Shoulder Angle. 

H the Angle of the Curtain. 
Jfoie. — ^The nomenclature of the other parts Is the same as in Fig. 4. 

sides bisected by perpendiculars ; a distance of one-eighth of the 
side is set oflf on the perpendiculars in the square, or one-seventh 
in the pentagon ; from the angular points of the polygon, lines 
are drawn through the points thus set oflF; these lines give the 
direction of the lines of defence ; from the salients of the poly- 
gon distances, equal to two sevenths of the side, are set off on 
the directions of the lines of defence, which give the faces ; from 
the extremity of the faces, the flanks are drawn perpendicular 
to, or making an angle of 110^, with the lines of defence ; the 
extremities of the flanks are connected by the curtains. 

The side of the polygon is termed the exterior side; the line 
bisecting it, the perpendicular ; the angle at the salient is the 
flanked ajrvgle ; the one between the face and exterior side, Ou 
diminished angle; the one formed by a face and flank, the shoulder 
angle; the one between the flank and curtain, (he wngk of the cwr- 



FICLD FORTIFICATION. 



15 



kUn; the portion of the work included between the capitals of 
two adjacent bastions is denominated a hastioned fronts or simply 
VifronL 

An examination of the arrangement of a bastioned front will 
show that there are neither dead angles nor sectors without fire; 
that the salients, and all the ground within the range of fire, are 
protected by formidable columns of direct, flank, and cross-fire. 
There is one point in this system that demands particular atten- 
tion, which is, that the counterscarp of the ditch, if laid out par- 
allel to the interior crest, would form a dead angle along each 
fiice near the shoulder ; because the fire of the flank would be 
intercepted by the crest of the counterscarp. To prevent this, 
cither the counterscarps of the faces must be prolonged to inter- 
sect, and all earth between them and the scarp of the flanks and 
curtain be excavated (Fig. 12), or the ditch of each face must be 




fif. It. PLm of ft BftttloDed Front, wirh the entire ditch excftrated In front of the cortaln a 

inclined up in a slope from the bottom, opposite the shoulder 
(Fig. 13), so that it can be swept by the fire of the flank. 




fig. UL BMnrt the naie wUh the dkchet of the facet |»roloiige4 apwardi to o la a flope. Title 
vID b« best ooderatood from the Section Fig. 18. 



The first method is the best, but requires most labor ; the 
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to cover an outlet, to screen the troops from a reverse, or an 
enfilading fire, &c. ; and for powder magazines, when they are 
not placed in the traverses. The area occupied by a traverse 
will depend on its dimensions, ahd cannot be fixed beforehand ; 
that allowed for a magazine for three or four cannon may be 
estimated at fifteen or twenty square yards. 

84. Character of Field Works. As a field fort must rely 
entirely on its own strength, it should be constructed with such 
care that the enemy will be forced to abandon an attempt to storm 
it, and be obliged to resort to the method of regular approaches 
used in the attack of permanent works. To effect this, all the 
ground around the fort, within the range of cannon, should offer 
no shelter to the enemy from its fire ; the ditches should be 
flanked throughout ; and the relief be so great aa to preclude 
any attempt at scaling the work. 

2 



18 



FICLD FOBTIFICATIOir. 



CHAPTER m. 

INTR£NCHM£NTS OR LIKES ON A HORIZONTAL SITK. 

85. ClasBes of IJnes. There are two classes of lines — Cbri- 
tinued Lines, and Lines iciih Intervals. CSontinued lines present 
no openings through which the enemy can penetrate except the 
ordinary outlets. Lines with intervals consist of detached 
works, which are enclosed partly, or entirely, throughout their 
perimeters, arranged in defensive relations with each other ; and 
presenting wide intervals between them defended only by their 
fire. 

The same general principles apply to lines as to other field 
works ; but from their great extent, they usually receive a slight 
relief^ and the simplest angular figures are adopted for their plan. 
In laying them out, the engineer should avail himself of all the 
natural features presented by the position, so as to diminish the 
labor of erecting artificial ones. 

86. Redan IJne. The simplest arrangement for a continued 
line, consists in a series of redans (Fig. 14) connected by straight 




flf. 14. PUn of a Sedan line, with a paaage, a. In the curtain, eorered by a imall redan. 

curtains ; it is termed the redan line. The &ces of the redans 
are sixty yards in length ; their salient angles 60^*; and the dis- 
tance between their capitals 180 yards. 

This combination will place the salients at 160 yards from the 
collateral roenterings. An inspection of this system shows that 
the ditches are not flanked ; that the salients are not well pro- 
tected, owing to the cross-fire leaving a considerable sector with- 
out fire in front of them ; that the curtains, which, from their 
position, are the strongest points, are the best defended, and in 
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tnrti tbey afford no protection to the faces. All these defects 
become more sensible as the redans are placed further apart 

87. TenaiUe Une. To remedy the defects of the redan line, 
it has been proposed to break the curtainB forward (Fig. 15), ao 

h 

^^ u to form two branches, one perpendicular to the face of each 
RdaD. This suggestion bus led to the lenaitU line, whicli consists 
of k combination of small and large redans, or simply of redaos 
of thfl same size, forming salient and reentering angles. This 
combination is superior to the reflan line. The salients are pro- 
tects] by a cross-fire, and the ditches of the large redans are 
'partially flanked; moreover, it presents fewer assailablo points, 
oa a given front, than the redan line ; and iu retired parts afford 
good positions for artillery. 

The faces of the large redans should not exceed 160 yards ; 
«ad their salient angle should not be less than 60°. The faces 
of the small redans should not be greater than forty yards, and 
should bo nearly perpendicular to those of the large redans. 
These combinations will give two limits for the length of the 
o^uls of the large redans, and for thcirdistance apart. ^Yben 
the nlient angles arc 60° the length of the capitals will be alxiut 
ISS yards, and the distance between them 223 yards. When 
tbo salient angle of the small redan is 60°, the capitals of the 
hrge redans wUl be eighty yards long, and the distance between 
them 816 yards. In the first ease there will bo a greater num- 
ber of assailable points on a given front, but the rcentcrings will 
be tbe stronger ; in the second case the reverse of this will hap- 
pen. Of oourso the size of the redans will not bo restricted lo 
the limits here laid down. This system is defective, in present- 
big long faces to an enfilade fire, and in taking up a considerablo 
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depth of ground, from the salients to the reenterings, which 
restricts its application to particular localities. 

87. Serrated Ijine. The serrcUed line (Fig. 16) is principally 




Fig. l<Ik Plan of a Cr^mailldre Line between two nlient priest^aps. 



used in place of a straight curtain between two advanced works, 
which are too far apart to protect each other and the space 
between them. 

When the ground between the advanced works is level, or 
nearly so, the branches of the cr^maill^re form salient and reen- 
tering angles, which are on the same right lines. The long 
branches alternate from the middle point, where either a salient 
or reentering angle is formed ; the latter is preferable, as it is 
stronger, and may be arranged with flanks and a curtain, which 
will be better situated for defence than the two faces forming a 
salient angle. 

38. Bastioned Lines. Owing to the imperfect flanking 
arrangements of the preceding systems, it has been proposed to 
use bastion lines. They are laid out by placing the salients 260 
yards apart, and making the perpendicular of the front equal to 
one-sixth. 




fig. IT. Plan of a Baatlon Line with double llankL 

Another arrangement of the bastion line is the one termed 
with double JUmIca (Fig. 17). The salients, in this casCi should 
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be between 400 and 600 yards apart. The figure explains itselC 
By this arrangement there are fewer assailable points on the 
same front ; one of the bastions is placed in a strong reentering ; 
and the salients of the advanced bastions are protected by the 
flank fire of the collateral advanced bastion, and also of the 
retired bastion. 

The principal objection to the bastion line is its great develop- 
ment, and. the consequent increase of labor and time for its con- 
struction. 

This objection, however, does not apply to a front of limited 
extent where the flanks of the line rest upon natural features 
like unfordable water-courses, or an impassable marsh which will 
prevent the line from being turned. 

Continued lines are not suited to an active defence ; and this 
is a grave objection to their use. Moreover, from the great dis- 
semination of the troops over a long defensive line, the resist- 
ance at all points will be weak, and if one point is carried the 
rest of the line is tiikcn in flank. Besides, the main reserve 
being at the centre, the flanks may fail to receive timely succor 
if attacked. The enemy, if repulsed by their fire, can retreat 
in good order, and renew the assault at a more opportune 
moment; because the assailed, if they attempt a sortie, must 
defile through narrow outlets, and present a feeble front to the 
enemy during the operation of defiling. They are, however, the 
best defensive means for irregular troops, owing to the confidence 
which they inspire. They also serve to guard against a surprise, 
and to prevent the predatory excursions of small detachments 
of the enemy. 

89. liines of Detaohed Works. The detached works used 
for these lines may be either lunettes or square redoubts (Fig. 
18); their salients are 250 yards apart, and their salient angles 
may usually be 90®. The faces about sixty yards, and the flanks 
about forty yards, are so arranged as to sweep the ground in 
front of the salients of the collateral works. In the rear of the 
first line, and opposite to the intervals, redans are placed to flank 
the fiices of the first line ; the faces of the redans may be about 
thirty yards. About 200 yards in the rear of the first line, and 
opposite the lunettes, cavalry epaulments are thrown up, to 
cover squadrons of cavalry to act on the flanks of the enemy, 
when bis colamns are shaken by the fire of the works. 
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The works of the first line are large enough to contain from 
800 to 400 men, with a field battery in each, for their defence. 



FUM. 




Fig. 18. Fl«n of a Line with Intenrali of Innetiet, or iq^ure redoabto, flanked by relind 
redans ; with caralry epanlments In rear. 

The redans are good positions for batteries to flank the first line. 
Bedoubts present an advantage over lunettes, because they are 
equally strong throughout, but this is accompanied by the defect 
that their rear faces may be used against the assailed if the 
enemy should carry them. The gorges of the lunettes should 
be enclosed by an abattis, palisading, &c., which will not afford 
a shelter to the enemy should he get possession of them. 

40. Rogniat's Line. A system of defence has been pro- 
posed by General Bogniatj former Chief of the French Engineer 
CorpSj in his work Qmsiderations sur Fart de la Chierre, the spirit 

fig.l9. 

CM' 
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of the arrangement of which partakes both of the bastion line 
with double flanks, and of the line with intervals. 
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Pointa 260 yards apart (Fig. 19), are taken for the salients of 
the lunettes ; llieir fnc<?s and flanks are placed in defensive rela- 
tions; and between them u rednn, with a pan-coupoe, is placed to 
flank the faces, without intercepting the fire of the flanks; a 
straight curtain is carried from the redan, and leaves an interval 
of ton yards between it and the flanks of the lunettes for sorties. 

Willi regard to the profiles, the lunettes receive the minimum 
profile both for the parapet and dilch. The redans are simple 
epaultnents to cover cannon fired in barbette; and the curtains 
consist of a trench with the earth thrown in front to form a para- 
pet, which is so arranged that the infantry may march from the 
trench in order of battle over it. 

The advantages claimed for this system are, /rs(, the short 
time required to form the works, by which an array may entrench 
its field of battle in one night; second, the lunettes form the £rst 
line of the order of battle, and contain only infantry, and the 
buteries are placed in the redans, where they are more secure, 
protect llu! lunettes, and withdraw the fire of the enemy's artil- 
lery from the lunettes; Ifiird, the curtains are defended by 
inOuitry, who can a;illy fn>m them at n moment's warning, and 
iided by the light artillery and cavalry, who d6bouche through 
the intervals between the curtains and lunettes, and atlack the 
enemy in flank. If the flanks of hia position are not secured 
by natural obstacles, Gen. Rognint proposes to throw up towards 
the rear a strung stpmre redoubt on each flank, and to place a 
heavy battcrj' in the interval belwi-en the redoubt and the adja- 
cmt lanctte. 

liites with intervals are peculiarly adapte<1 to well disciplined 
aud active troo|)s. The works thrown in advance constitute the 
flrat line of the order of bjittle, against which the first shock of 
the enemy is partially thrown away, and he dare not attempt to 
n^lect them, for an endeavor to penetrate through the intervals 
would expose his flanks to a close and deadly cniss-flre. If the 
enemy is repulsed, the main tKxly of the army, which Ui 
dnwn up in rear of the works, immediately assumes the offen- 
aive, and, by a vigorous advance movement, charges the enemy 
in torn, relying on the works to cover its retreat if driven 
back. 

In every coiiibinntion of this nature the flanks are the weak 
poiaU; they should rest, if practicable, on some unassailablfi 
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point, as a marsh, river, &c. ; otherwise very strong works should 
be thrown up for their protection. 

41. Multiple Lines. It has been proposed, by some writers, 
to throw up several lines of detached works for the defence of a 
position ; so that the troops in the first line may retreat under 
cover of the second, and so on. This arrangement, in the first 
place, can seldom be made, without weakening the order of bcUtle^ 
and therefore weakening the defence, by too great a dissemina- 
tion of the troops. Moreover, in works of great extent there 
never can be that concert which is so essential to a vigorous 
defence, from the impracticability to direct it properly. The 
troops destined to act ofiensively against the enemy if repulsed, 
are too far in the rear to be brought up in time ; and the ground 
being greatly cut up, by such a multiplication of works, will 
render the manoeuvres slow and difiicult. Besides, a very capiial 
objection in war, the time and labor required to throw up so many 
works are altogether beyond what can be disposed of in the 
ordinary circumstances of an army. 
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CHAPTER IV. 

GENERAL PROFILES FOR A HORIZONTAL SITE. 

422. Oeneral Profile. In horizontal sites the parade may be 
taken either on the natural surface or below it. In enclosed 
works it should always be on the natural surface to keep the 
parade dry. In lines, particularly if of great extent and thrown 
np merely to receive battle or for a short occupancy, the parade 
may consist of a shallow trench behind the parapet which is 
formed of the earth taken from the trench. The general (Figs. 
2 and 3) form of the pampet is the same in both cases. Its 
dimensions will vary with the kind of soil used in its construc- 
tion ; with the time and means that can be employed ; with the 
time that the work is to remain occupied ; and, finally, with the 
time and means that the enemy can dispose of in the attack, and 
the degree of resistance that the work should offer. 

48. Command of Parapet. The command of the ihterior 
crest (Fig. 2) should so be regulated as to intercept the enemy's 
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missiles, and to shelter the assailed. Men of the greatest ordi- 
nary stature, in bringing their muskets to an aim, do not fire at 
a higher level than about five feet ; therefore any mass of this 
height in front of them will just intercept their fire ; but this 
mass would not shelter a man standing behind it ; to effect this^ 
in the case of the tallest men usually found in the ranks, the 
interior crest should be at least six feet six inches above the 
terre-plein. The command must then be regulated by these two 
facts, and this principle may be laid down. The command of a 
field work over the ground occupied by the assatlaniy should he at 
least five feet ; and six feet six inches over that occupied by (he 
availed. In following this rule for the command, we deprive the 
assailant of a plunging fire upon the parade ; but as a breast 
height of five feet is too high for men of ordinary stature to fire 
over it and give their pieces any sensible depression, it would be 
necessary to throw up a banquette for this purpose behind the 
parapet, which would add to the time and labor of constructing 
the work. On this account it is best to give the parapet only 
the height to admit effective firing over it, which is about four 
and a quarter feet. In Fig. 8, which represents a profile of this 




A Parapet; b Treneh; o BawiDeite Tread. 



height, the plunge of a man standing at sixty feet in advance of 
the parapet, would be only three inches below the level of the 
point a, at the point J, or his bullet would strike seven feet above 
the point at the rear of the parade, which is the most exposed 
position for a man to be standing. 

44. Normal Command. But this minimum command would 
give the assailed only a slight advantage, as the men, when on 
the banquette, would be still much exposed ; and in an assault 
the height of the parapet would present an inconsiderable obsta- 
cle. These defects of low works have led engineers to adopt 
eight feet as the least height of parapet which will admit of a 
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trsprcwble dt^fenee, Tha greatest hciyht ]3as hcen fixed at twelve 
fiet, owing to tlie ilifticully of throwing op a work with the ordi- 
nary means at hand, which are usually only the pick and shovel 

45. Profile of Isolated Works. Fur isolated works of ordi- 
naiy capacity the rule may be laid down that : 

A strong proJUe is essential to a vigorous defence. 
For the rapidity with which a column of attack appmaches, 
and the short time it remains exposed to the fire of the work, 
anItVB detained by obstacles in front of the ditch, render its loss, 
generally, so trifling as not to check its march, until it arrives tit 
tbe crest of the counterscarp. Here, if the ditch is deep, some 
delay ensues in entering it, during which the column is exposed 
to a warm fire within short range. When the ditch is entered, 
ft mora serious obstacle remains to be encountered, in the addi- 
ttont] height of the parapet and scarp ; and when this obstacle 
is overcome, the enemy presents himself in a f:itigued and 
exhaiutt^ elnte to the bayonets of the assailed, who have 
mounted on (he top of their parapet to meet and drive him back 
into the ditch, 

46. TblokneBS of Parapet. The thickness of the parapet, 
which ia always estimated by the iiorizontal distance between 
the interior and ext'-rior crests, is regulated by the materi,il used 
for the parapet ; the kind of attack ; and its probable duration. 

The role adopted for this is to add to the depth of penetration of 
tht prttfKtile, given by experiment, une-half for- this tiiicknas. In 
following ihie rule there will always lie a tbicknoas of earth 
between the extreme penetration of a projectile, at any point 
below the exterior crest and the interior of the work, gnuatcr 
than one-third the thickness of the parapet. 

47. Superior Slope. The sujH^nor slope is arranged to 
defend the cn-st of the counterscarp; to rffect which the fire 
abould not strike below the crest, nor pass more than tliree feet 
over it; otherwise, either the counterscarp would be dani.iged, or 
the MRiiled by stooping when near the crest would find a shel- 
ter. The inclination of the su[)erior slope, however, should not 
ho greater than one-fourth, nor less than one-stith, that is. l/ie base 
cf the ahpe should be between four and six times the hrighL If 
greater than one-fourth, it would make the portion of ()i<* para- 
pet, about the interior crest, loo weak ; and if less than un»iiix^ 
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the ground directly in front of the work would not be so well 
defended; moreover, as artillery cannot be fired at a greater 
depression than one-sixth, without injuring the carriage, this 
inclination of the superior slope serves as a check in rapid firing. 
If, owing to the command, the fire should pass higher than 
three feet above the crest of tiie countersairp, it would then be 
necessary to construct a glaeis in front of the ditch. It must be 
so arranged that it can be swept by the fire of the work, and be 
commanded by it at least five feet 

48. Exterior Slope. The exterior slope is the same Hiat the 
earth naiurally assumes. Any means used to make it stee{>er 
would be injurious ; because they would be soon destroyed by 
the enemy's fire, and the earth giving way, the necessary thick- 
ness of the parapet would be diminished. 

49. Interior Slope. The interior slope receives a base equal 
to ojie-third its height. This is a result of experience, which has 
shown that it is the most convenient for the soldier in leaning 
forward to deliver his fire over a parapet. 

50. Banquette Tread. The tread of the banquette is placed 
four feet three inches below the interior crest; this will admit men of 
the lowest ordinary stature, to fire conveniently over the parapet 
Its width is two feet for a defence with one rank ; and four feet for 
tux) or three ranks ; because the third rank does not fire, and is 
therefore placed on the banquette slope, the base of which is ttvice 
the altitude^ to render the ascent convenient When the tread of 
the banquette is very high, and particularly in enclosed works, 
where interior space is wanted, steps may be substituted for a 
slope ; the rise of the step should be nine inches, and its breadth 
twelve inches. The tread of the banquette should receive a slope 
of tivo inches to the rear to drain ojBF the surface water. 

51. Berm. The berm is a defect in field works, because it 
yields the enemy a foothold to breathe a moment^ before attempt- 
ing to ascend the exttirior slope. It is useful in the construction 
of the work for the workmen to stand on ; and it throws the 
weight of the parapet back from the scarp, which might be 
crushed out by this pressure. In firm soils, the berm may be 
only from eighteen inches to two feet wide ; in other cases, as in 
marshy soils, it may require a width of six feet In all cases, it 
should be six feel below the exterior crest — to prevent the enemy, 
should be form on it, from firing on the troops on the banquette. 
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52. Dtmensioiui of Ditch. The ditch should be regulated 
to furnish the earth for the parapet To determine its dimen- 
nons, the following points require attention : its depth should 
not be less than sixfeei^ nor its width less than twelve feet^ to pre- 
sent a respectable obstacle to the enemy. It cannot, with conve- 
nience, be made deeper Oian twelve feet; and its greatest width is 
regulated by the inclination of the superior slope, which, pro- 
duced, should not pass helow the crest of the coxinterscarp, 

S8. Soarp and Ck>uiitersearp. The slopes of the scarp and 
oounterscarp will depend on the nature of the soil, and the action 
on it of frost and rain. The scarp is less steep than the counter- 
scarp ; because it has to sustain the weight of the parapet It 
is usual to give the slope of the scarp, a base equal to two-thirds 
of the base of the natural slope of a mound of fresh earth whose 
altitude is equal to the depth of the ditch ; the base of the coun- 
terscarp slope is made equal to one-half the same base. 

To determine the exact dimensions of the ditch, for a given 
parapet, requires a mathematical calculation, which is given in 
Note B. On the field a result may be obtained, approximating 
sufficiently near the truth for practice, by assuming the depth of 
the ditch and dividing the surface of* the profile of the parapet 
by it to obtain the width. In excavating the ditch it will be 
found that more earth will be furnished at the salients than is 
required there for the parapet; and that the reenterings will not 
always furnish enough. On this account, the width of the ditch 
should not be uniform, but narrower at the salients than the 
reenterings. 

64. Height of Salients. The salients of the parapet on hori- 
zontal sites, are sometimes made higher than the reenterings, a 
gradual slope being given to the interior crest from the salients 
to the reiSnterings, with a view to cover better the terre-plein, 
towards these last points, from the plunge of an enfilading fire 
on the &oes. The effect of this, however, is but trifling, as the 
descending plunge of the projectile is the greater, as the salient 
is higher over which it passes. On such sites, therefore, the pro- 
file of the parapet is usually uniform throughout 
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CHAPTER V. 

MANNER OF PROFILING, TRACING, AND THROWING UP A WORK. 

The foregoing chapters contain all that is requisite to deter- 
mine the plan and relief of field works. To follow a natural 
order, the next steps will be to describe the manner of setting 
out the outline of the plan, or tracing the lines on the ground ; 
setting up skeleton frames, termed profiling^ of the outline of 
the parapet ; and of distributing the working parties to excavate 
the ditch, form the parapet, level and drain the parade, etc. 

66. Proflllng and Tracing. Poles (Fig. 20) having been 
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Fig. SMI Profile of Slata. a b Inclined Qroond. 

planted at the angles of the work, and the height of the interior 
crest marked on them, a line is traced on the ground with a 
pick, showing the direction of the interior crests. When the 
ground is sensibly level, lines perpendicular to the direction of 
the interior crest are traced upon it, at suitable distances, from 
twenty to thirty yards apart, to mark the positions of the pro 
files, and the horizontal distances for the thickness of the para- 
pet ; the bases of the slopes, etc., are set off on these lines. But 
when the ground along the direction of \;he profile is undulating, 
or slopes in either direction, cords are stretched above the sur- 
face, in a horizontal line, between two stout pickets, in the direc- 
tion of the profiles, and so as to include all of its lines. This 
oord serves to measure the horizontal distances on, and to find 
the points of the profile, above and below it, by means of an 
ordinary plummet A stout square picket is driven firmly into 
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the gnnint}, where the cord crcisaes above the pick-IJDe, and ■ i 
•lip of pine, on which the height of the interior crest ia marked, l 
is nailed to the picket. The thickness of the parapet ia mea^ 
Burvd on the c^rd, and a picket driven into the ground to mark ' 
the poinL The base of the interior slope, and the tnmd of the 
banquette, are set off in a similar manner; and a slip of deal is 
luuled to each of the pickets. The height of the interior crest, 
and the trend of the banquette, are easily ascertained, from the 
position of the cord and the interior crcat ; these points having 
been marked on their respective slips, the outline of the parapet 
is shown bjr connecting them by other slips, which ore nailed to 
the uprights; the banquette slope and exterior slope will be j 
determined by a similar process. 

From the profiles thus formed perpendicular to the interior | 
cmta, the oblique pro&los at the angles can readily be set up, by i 
A prooeas which will suggest ilsirjf without explanation. 

Having completed the profiling, the foot of the banquette, and 
ibat of the exterior slope, are marked out with the pick, and 
klflo the crests of the scarp and counterscarp, AH the arrange- 
ments preparatory to commencing the excavation are now com- 
plete. 

&6. Distribution of Working Parties. Experience has I 
■hown thai, in onlinary soils, a man with a pick c;m furnislt'J 
employment to two men with shovels ; that, not to be in eacb { 
Otlwr's way, the men should be from four-and-a-half to six foefe 1 
•part; and, finally, that a shovelful of earth can be pitched by ■ 
a loan twelve feet in a horizontal direction, or six feet in a verti-' | 
oal direction. 

To diHtribula the workmen, the counterscarp crest is divided 
off into lengths of twelve feel, and the interior crest into lengths 
of Dine f(%L Tlirsc points might be marked out by pickets 
onaibervd one, two, threr, etc Jn each area, thus markt^l out, 
A woricing party is arranged consisting of a pick with two 
riiOTcls placed near the counterscarp, two shovels near the scarp, 
and one man to spread, and one to ram the earth, for two work- 
ing parties. 

51. Cottstruotion of Pirapot, etc. The pick commenoes 
bjr breaking ground so far from the countcrsc-arp crest (Fig. 21) 
tbat, by digging vertically three feet, he will arrive at the pod- i 
tkm of dte uountenicarp. Tbo excavation is carried on at the 
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same depth of three feet, advancing towards the scarp, where the 
same precaution is observed as at the counterscarp. The earth is 
thrown forward, and evenly spread and rammed, in layers of 




fig. SI. Showi profile of work in procen of execution. 

about twelve inches, from the banquette slope to the exterior 
slopa 

For the facility of entering the ditch, whilst working, the off- 
sets at the scarp and counterscarp may be formed into steps 
with a rise of eighteen inches each ; and, if the ditch is deeper 
than six feet, an offset, about four feet broad, should be left at 
the scarp, about mid-depth of the ditch, to place a relay of 
shovels to throw the earth on the berm. In some cases, a scaf- 
fold of plank is raised in the ditch for the same purpose. 

When the ditch has been excavated to the bottom, the ofifoets 
are cut away, and the proper slopes given to the sides. The 
earth furnished by the ofi^ts, if not required to complete the 
parapet, may be formed into a small glacis. 

If the soil is stony, the vegetable mould on the surface should 
be scraped ofiT, and reserved to form the top of the parapet^ 
which should be made of earth of this kind, to the depth of at 
least eighteen inches, to prevent injury to the troops from the 
effect of a shot striking the top, and scattering the pebUea m 
their faces. 

In making the parapet, care should be taken to form a drain, 
at some suitable poin^ to carry off the water from the interior 
into the ditch. The water from the drain should not be suffered 
to run down the scarp, as it would soon destroy it. A gutter, 
formed of boards, should be made to prevent this. 

58. Tasking. The time required to throw up a work will 
depend on the nature of the soil and the expertness of the labor- 
ers. From troops unaccustomed to the use of ditching tools, six 
cubic yards may be considered a fair day's work in ordinary 
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soils, when the earth is not thrown higher than six feet ; but 
when a relay is placed on an offset in the ditch, from four to five 
cnbic yards may be takep as the result of a day's work for each 
man. Expert workmen will throw up from eight to ten cubic 
yards at task work. 

3 
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CHAPTER VI. 



REVETMENTS. 



68. Revetments. A revetment consists of a facing of stone, 
wood, sods, or any other material, to sustain an embankment, 
when it receives a slope steeper than the natural slope. 

In field works revetments are used only for the interior slope 
of the parapet and for the scarp ; for the first, sods, pisa, fascines, 
hurdles, gabions, and plank, are chiefly used ; and for the last, 
timber. 

60. Revetment of Sods. Sod work forms a strong and 
durable revetment The sods should be cut from, a well-clothed 
sward, with the grass of a fine short blade, and thickly matted 
roots. If the grass is long, it should be mowed before the sod 
is cut. 

Sods are of two sizes (Fig. 22) ; one termed stretchers^ are twelve 
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inches square, and four-and-a-half inches thick ; the others, 
termed Aeocfer*, are* eighteen inches long, twelve inches broad, 
and four-and-a-half inches thick. 

The sod revetment (Fig. 23) is commenced as soon as the 
parapet is raised to the level of the tread of the banquette. A 
course of sods is then laid, either horizontal or a little inclined 
from the banquette ; the course consists of two stretchers and 
one header alternating, the end of the header laid to the front. 
The grass side is laid downward to facilitate the trimming of the 
top surface to a level or plane ; and the sods should protrude a 
little beyond the line of the interior slope, for the purpose of 
trimming the course even at top, before laying another, and to 
make the interior slope regular. The course is firmly settled, by 
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tapping eacb sod as it is laid with a spade or a woodeo matlet ; 
and the earth of the parapet is packed closely behind the course. 
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A second course is laid on the first, so as to cover the joints, 
ir, e it is termed, to break jaijits with it 7 using otherwise iha 
wne precautions as with the first. The top course is laid with 
the grass up ; and in some eases pegn are driven through the 
coda of two courses to connect the whole more firmly, which is, 
however, by no means necessary to form a strong sodding. 

When cut from a wet soil, the sods should not be laid until 
they are partially dried, otherwise ibey will shrink, and the revet- 
ment will crack in drying. In hot weather the revetment should 
be watered frequently, until the grass puts forth. The soda are 
cut rather larger than required for use, and are trimmed to a 
(jroi^r size from a model sod. 
ffl. Plaa Revetment. Ordinary earth, if mixed with a pro- 
I per proportion of clay, and the whole well kneaded with just 
I water enough to cause the particles to adhere when squeezed in 
B band, may be used for a revetment, and is termed a pisa 
■Dt Sometimes chopped straw is mixed up with the maad 
i it to bind bciu-r. 
P|NM is laid in layera of twelve inches thick, and two feet 
1, sod well packed. The same precanlions should be taken 
in fonaiag the parapet behind it as in sod revetments. The face 
of Uie revetment may be sown with graas-Becd or oata, and when 
the clalk oomea to maturity it should not be cot, but suffered to 
mnain m a kind of thatch to proteot the facing fVom the 
vmtfaer. 
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62. Fascine Revetment. A fascine (Fig. 24) is a bundle of 
twigs closely bound up. There are two sizes of fSagcines ; one 
size is nine inches in diameter, and about ten feet long ; the 
other, which is generally termed a saucisson^ is twelve inches in 




Fig. SI Vasdne and Anchoring Gbdt. 

diameter and twenty feet long ; it is chiefly used for the revet- 
ments of batteries. 

To make a fascine, straight twigs are selected, between the 
thickness of the little finger and thumb, the longer the better ; 
they should be stripped of the smaller twigs. A support, termed 
9l fascine horse (Fig. 25), is put up, by driving two stout poles 
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obliquely into the ground about two feet, so as to cross each 
other about two feet above the ground, where they are firmly 
tied together ; as many of these supports as may be required are 
put up in a straight line, about eighteen inches apart ; this forms 
the horse on which the twigs are laid to be bound together. 

A machine, termed a fascine choker^ is formed of two stout 
levers about five feet long, connected near their extremities by a 
chain or strong cord, which should be long enough to pass 
once round the &scine, and be drawn tight by means of the 
levers. 
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The twigs are laid on the horse, with their large and small ends 
alternating ; the choker is applied to bring them together ; and 
they are bound by withe.% or gads^ made of tough twigs, properly 
prepared by untwisting the fibres over a blaze, so as to render 
them pliant; or else stout rope yarn or wire may be substituted 
for them. The gads arc placed twelve inches apart, and every 
third or fourth one should be made with an end about three or 
four feet long, having a loop at the extremity to receive a picket 
through it; this picket is termed an anchoring jncket^ its object 
being to secure the fascine firmly to the parapet. 

To form the revetment, the first row of fascines (Fig. 26) is 
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imbedded about half its thickness below the tread of tin* ban- 
quette, and is secured by means of the anchoring pickets, and 
also by several pickets driven through the fascine itself about 
twelve inches into the earth. Tlie knots of the withes are laid 
inside, and the earth of the parapet is well packeil behind the 
fascine. A second row is laid on the first, so as to give the 
requisite interior slope ; it should break joints with the first row, 
and be connected with it by several pickets driven through them 
both. The other rows are laid with similar precautions ; and 
the parapet is usually finished at top by a course of sods. 

63. Hurdle Revetment. This revetment is made by driv- 
ing poles (Fig. 27) in the same direction as the interior slope, 
into the banquette, about eighteen inches below the tread, and 
then forming a wicker-work, by interlacing twigs between them 
in a similar manner to basket work. 

The poles should be nine inches apart, their diameter about 
one-and-a-half inches. They should be secured to the parapet 
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hy lung withes and anchoring pickets. The t(^ twijp ahoold be 
buuiid tugetbcr by witbee. 
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64. Oablon Revetment The gabion (Fig. 28) is a roand 
bucket of a cylindrionl form, open at each end ; its height is 
uauully two feet nine inches, and diameter two feet 

To form a gabion, a dincting circle is made of two hoops, the 
dilleruDco botwwn their radii being such, that, when placed con 
ttiMitiivully, there shall be about one-and-three-quarter inches 
ImUvouu llioni. They are kept in this position by placing small 
blin-.ka i»f wiMul K'tween them, to which they are tied with paclc- 
tl.i.iiil. The dinvting circle is laid on the ground, and seven or 
iiiiiit |ii>-.Ki-lH, iktuiut one inch in diameter and three feet long, are 
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itiUi.u iuto the ground between the bnoptt, at eqnal distincefl 
ii)i.iii; ihu directing circle is then slipped ap midway from the 
U<>tli>i>i, ;iud uuuflned in that position. Twigs half an inch in 
illit<itk-U>i, tvud aa long «a they con be procored, are wattled 
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between the pickets, like ordinary basket work ; when finished 
within about one-and-a-half inches of the top, the gabion is 
placed with the other end up, the directing circle is taken ofE) 
and the gabion is completed within the same distance from the 
other extremities of the pickets. The wicker work at the two 
ends is secured bj several withes, and the ends of the pickets 
being brought to a point, the gabion is ready for use. 

The gabion revetment is seldom used except for the trenches 
in the attack of permanent works, where it is desirable to place 
troops speedily under cover from the enemy^s case-shot and mus- 
ketry. When used for field works (Fig. 29), a fascine is first 
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laid partly imbedded below the tread of the banquette; the 
gabion, which is placed on end, rests on this, so as to give it the 
requisite slope ; it is filled with earth, and the parapet is raised 
behind it, and another fascine is laid on top, and in some cases 
two. 

65. Plank Revetment. This revetment may be made by 
driving pieces of four-inch scantling about three feet apart, two 
feet below the tread of the banquette, giving them the same 
dope as the interior slope. Behind tliese pieces, boards are 
nailed to sustain the earth. 

66. Sand bags are sometimes used for revetments when other 
materials cannot be pr<)cured ; though their object, in most cases, 
10 generally to form a speedy cover for a body of men. They 
are a.sually made of coarse canvas; the bag, when empty, is 
two feet eight inches long, and one foot two inches wide ; they 
are three-fourths filled with earth, and the top is loosely tied. 
They are laid like sod work, and with the same care in packing 
and levelling. From their perishable naturey they are only used 
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for a temporaiy purpose, as when troops are disembarked on an 
enemy's coaaL 

67. Soaip Revetment. This revetment (Fig. 30) ia formed 




of a framework of heavy timber, and is used only for import- . 
ant field forts. A piece, termed a cap, or capsiU, is iitibedded 
in a trench made along the line of the berm ; other pieces, 
termed land-ties, are placed in trenches perpendicular to the cap, 
with which they are connected by a dove-tail joint ; they are 
about eight or ten feet asunder. Cross pieces are haired into ihe 
land-ties about two feet from their extremities, and two square 
piles, about five feet long, are driven in the angles between the 
land-ties and cross pieces ; inclined pieces, which serve as sup* 
ports to the cap, are mortised into its under side at the same 
points as the land-ties. These supports usually receive a slope 
of ten perpendicolar to one base ; they generally rest on a 
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groundrsill at the bottom of the ditch, to which they are mortised; 
this sill being held firm by square piles. The ground-sill may 
be omitted, by driving the supports below the bottom of the 
ditch. 

Behind this framework, thick plank, or heavy scantling, is 
placed side by side, having the same slope as the supports ; or 
else a rabate may be made in the cap and ground-sills, and the 
scantling be let in between these two pieces, serving as a support 
to the cap. This is the more difficult construction, but it is the 
better, since, should the heavy supports be cut away, the cap 
will still be retained in its place. 

Scarp revetments are sometimes formed by laying heavy tim- 
ber in a horizontal position ; but this method is bad, as it 
enables the enemy to gain a foothold by thrusting their bayonets 
between the joints. 

The length of the land-ties should be at least equal to two- 
thirds the depth of the ditch. 

The counterscarp is seldom reveted. A framework similar to 
that for the scarp might be used, and thick boards, laid horizon- 
tally, be substituted for the inclined scantling. 

When a scarp revetment is made, the excavation of the ditch 
must be conducted in a different manner from that already 
explained. In this case, after the cap-sill and land-ties are laid, 
the excavation is continued to the bottom of the ditch, by 
removing only earth enough to allow the framework to be put 
up. A scaffolding of plank is then raised in the ditch on which 
the earth, that remains to be excavated, is thrown, and from 
there on the berm. 
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CHAPTER Vn. 



INTERIOR ARRANGEMENTS. 



68. Classification. Under the head of interior arrangements 
is comprised all the means resorted to within the work to pro- 
cure an efficient defence ; to preserve the troops and the Jhate- 
rial from the destructive effects of the enemy's fire ; and to pre- 
vent a surprise. 

The class of constructions required for the above purposes, 
are batteries ; potoder-magazines ; traverses ; bomb and splinter- 
proof shelters ; enclosures for gorges^ and outlets ; interior safety- 
redoubtj or keep ; .and bridges of communication, 

69. Musketry Armament. All arrangements made for the 
defence, with musketry and artillery, belong to what is termed 
the armament 

The armament with musketry is complete when the banquette 
and the interior and superior slopes dre properly arranged, to 
enable the soldier to deliver his fire with effect ; and to mount 
on the parapet to meet the enemy with the bayonet. For this 
last purpose stout pickets may be driven into the interior slope, 
about midway from the bottom, and three feet apart, or a narrow 
plank may be laid along this slope. The armament with artil- 
lery is, in like manner, complete, when suitable means are taken 
to allow the guns to fire over the parapet, or through openings 
made in it ; and when all the required accessories are provided 
for the service of the guns. 

70. Artillery Armament. The armament with artillery is 
a subject of great importance, because it is not equally adapted 
to all classes of works. Experience has demonstrated that the 
most eflBcient way of employing artillery, is in protecting the 
collateral salients by a well directed flank and cross-fire, which 
shall not leave untouched a single foot of ground within its 
range, over which the enemy must approach. It has moreover 
shown, that a work with a weak profile affords but little secu- 
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ritjr to artillery witliin it ; for artillery cannot defend itself, and 
•oob a work can be loo easily carried by aesnult to offer any 
hope of keeping the enemy at a distance long enough to allov 
tlie artillery to produce its full effect. 

Tbe pro|ier positions for artillery arc on the flanks and salients 
of a work; because from these points the salients are best pro- 
tected, and the iipprxioches best swept; and the guns should be 
eollcctvd at these poinia ia batteries of several pieces ; for expe- 
rience has shown that it is only by opening a heavy, well-siis> 
taiaed Src on the enemy's coEumna, that an efficient check can 
be given to them. If only a. few 6les are taken off, or the sliot 
pames over the men, it rather inspires tbe enemy with confidunce 
in his safety, and with contempt for the defences, 

TL Batteries. The term battery is usually applied to a collec- 
tion of several guns ; it is also used in speaking of the arrange- 
meotB made of a parapet to enable the guns to fire over it, or 
through openinga in it; as a barbette Imttery, an anhramirt hatUry, 
etc ■ Two kindg of batteries are used in the defence of intrench- 
nent^ Uic barbette batt/^ry and the embrasure battery. 

73. Barbettes. The barltelt^ is a construction by means of 
vbiob a piece can fire over a parapet. It consists of a mound 
of earth, thrown up against the interior slope; the upper surface 
of which is level, and two feet nine inches below the interior 
wnt for guns of small calibre, and four feet for heavy guns. If 
tbe barbette is raised behind a face, its length should be suffi- 
cient to allow 8ixt*^«n and a half to eighteen feet along the inte- 
rior crest for each gun ; and its depth, or the perpendicular dis- 
tance from the foot of the interior slope to the rear, should be 
twenty-four feet, for the service of the guns. The earth of the 
barbette at the rear and sides receives the natural slope. To 
ssoeDd the barbette, a construction termed a ramp is muile ; this 
ia an inclined plane of earth, which connects tbe top of the bar- 
bette with the terrc-plcin. The ramp is ten fiwt wide at top, and 
hs slope is six btuK to one perpendicular. Thcearth at the aides 
reoeivm tbe natural slope, Tbe ramp should bo at some conve- 
nient (koint in the rear, and take up as little room as p>--«<ible. 

As barbrtti* are usually pliMx-d in the salienta, an arrange- 
ment u made for the guns to fire in the direction of the capital. 
The oonstruetion in this case is somewhat different from the pre 
ceding. A pan-coupiw d of eleven feet (Fig. 81) is fifst made; 
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from the foot of the interior slope at the pan-coupde, a distance 
of twenty-four feet is set off aJong the capital ; at the extre- 
mity of this line a perpendicular is drawn to the capital; and 




five feet are act off on thia perpendicular on each side of the 
capital ; from each of these points, on the perpendicular, a line 
IB drawn perpendicular to each face reapectivcly ; the hexagonal 
figure, C, thus laid out, is the surface of the barbette for one gun. 
The ramp b in this case is made along the capital. 

If three or more guns are placed in the salient, a pan-coup6e 
is formed aa in the last case ; and twenty-four feet (Fig. 32) are 
in like manner set off on the capital ; but insteod of proceeding 
as in the last case, a perpendicular is drawn from this point to 
each face, and the pentagonal space, thus enclosed, will be taken 
for the gnn in the salient ; from the perpendiculars last set of^ 
as many times sixteen and a half feet will be set off, on the inte- 
rior oreat of each face, aa there are guns required: thiswill give 
the length of the barbette along each face ; the depth will be 
made twenty-four feet, and the two will be united in the salient 
One or more rampa may be made as moat convenient. 

To give temporary cover to guns on a field of battle and 
enable them to command a wide field of fire, a parapet of just 
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aaffideot height to allov the guns to fire over it, ma; be tbrowD 
ap for the purpose, the earth being taken from a ditch in front 
The groond may be roughly levelled off far enough to the rear 




for the manoeuvre of the guns. Between each gun a shallow 
trench may be dug parallel to the wheels, where the gunnere 
can find shelter when not serving their piecea 

The advantages of the barbette consist in the commanding 
poaition given to the guns, and in a tci^ wide field of fire ; on 
these accounts the salients are the best positions for them. Their 
defects arc, that they expose the guns and men to the enemy's 
artillery and sharpshooters. 

Light guns, particularly howitzers, are the best for arming 
barbettes; because the hollow projectile of the latter is very 
formidable, both to the enemy's columns and to his cavalry ; 
and when his batteries are opened against the salients, the light 
[neces can be readily withdrawn. 

73. Embrasures. The embrasure (Fig. S3) is an opening 
made in the parapet for a gun to fire through. The bottom of 
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the embrasure, termed the fofe, is two feet nine inchee, or four 
feet above tbe ground, on which the wheels of the carriage rest, 
accordiog to the size of the guD ; it slopes outwards to allow the 




gun to be fired under an inclination; the baae of this slope should 
never be less than six times the altitude; the interior opening, 
termed the mouth, is from eighteen inches to two feet wide, 
according to the calibre of the gnn, and is of a rectangular, or 
trapezoidal form; the embrasure widens towards the exterior, 
which widening is termed the splay ; the manner in which the 
Bpla; is usually regulated, ia by producing the sole to the exte- 
rior slope of the parapet, and making this exterior line, mea- 
sured on the sole, equal to half the distance between the inner 
«nd outer lines of the sole. This construction makes the sole a 
trapezoidal figure ; the side of the trapezoid, on the interior 
bang eighteen inches, or two feet ; the opposite aide being equal 
to half the perpendicular diatance between the two sides. Tha 
rale here given for the splay ia not absolata. It will in all esses 
be adapted to the field of fire required for the defence. The line 
which bisects the sole is termed the directrix of the embrasure ; 
the sides of the embrasure, termed the cheeks, are laid out, by 
setting off two points on the exterior crest of the parapet, one 
on the right, the other on the left of the sole, so that the hori- 
zontal distance of these points from the sole shall be equal to 
one-third their height above it. Lines are then drawn, on the 
exterior slope, from these points to the exterior points of the 
sole; lines are in like manner drawn from the same points, oa 
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the supt-rior ainpc, tu the upper points of the moatfa, on the inte- 
rior ercst. Tlicac four lines form ttie bouiidaries of the two 
cbwlia on tho superior and exterior slopes, 

When the directrix is perpend iuular to the direction of tho 
parapet, the embrasure is termed dirrct; when the directrix 
makes an acute angle with it, the embrasure is termed oblique. 

The manner of laying out an oblique embrasure (Fig. 34) is 
■imilar to llie direct ; the moutli is of a rectangular fonn, but is 
mtde wider in proportion U) the ubliquitj', in order that the part 
of the embrasure which ourresponda to the muzzle of the guo 
may be nearly of the aomu width in both the direct and oblique 
embrasurea. The exterior width of the sole is made equal to 
ooe-hair the length of the directrix, measured on the sole. The 
obeeks arc laid out as in the last case. 

The muzzle of a gun should enter at least uz inches into the 
cmbnuure, to prevent the blast from injuring the cheeks; this 
limits the obliquity of the directrix to about &} for long guna. 

The height of the cheeks must not be more than four feet for 
Uteaame reason; it will, therefore, in most cases, be neoemary 
lo raise the ground on which tlie wheels rest, giving to the top 
nrfiioe tbe same dimensions as for a barbette, and forming tho 
side slopes and ramps in like manner. 

Tbe parapet of a battery is usnally termed tho epaulment 
Tills term is more projK-rly applied lo the two returns or wings 
of the flanks of a buttery which cover the guna and men from 
■ slant fire on the flanks. The interior face of the epaulment, 
and the checks of the embrasures, arc reveled in the usual man- 
ner. The part of the interior face which lies below the chase of 
the gun is tenned the gm&uiHire. The mass of earth between 
Iwo embmmres is lerrned a t/urrlotu 

Tbe embrasures are generally cut out atler the epaulment ts 
Unrown up. If their position is decided upon beforehand, they 
may be roughly formed at first, and be finished aAer the epaot- 
ment is made, 

Tbe advantages of embrasures are, that the men and giins are 
Imb exposed than in a barbette battery. Their principal defects 
are, that they have a very limited field of fire ; they weaken the 
parapet, and present openings through which the enemy may 
peDCtrale in sn assault. Owing to their limited field of fir«, 
ibey are chiefly used for the protection of particular points ; ai 
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to Bank a ditch, protect a salient, enfilade a road, etc. The 
most suitable position for them in a work is on the fianks. 

14. Platfbrms. When a gun is fired often in the same direo- 
tioD, the ground under the wheels is soon worn into rats ; it is 
to prevent this that platforms of timber are used in sach cases. 

The shape of the platform ia usually a rectangle ; in soma 
cased, where a wide field of fire ia to be obtained, the form is a 
trapezoid. The rectangular platform (Fig, S4) is ten feet wide 
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and seventeen feet long, for siege pieces ; and nine feet wide and 
fifteen long, for field guns. It consists of three sleq>ers of six- 
inch scantling, either fifteen or seventeen feet long, which are 
laid perpendicular to the direction of the epaulmenl^ and are 
covered with two-inch plank, twelve inches wide, and cut into 
lengths of nine or ten feet. Between the ends of the sleepers 
and the foot of the genouill^re, a piece of eight-inch scantling, 
nine feet long, termed a heurter, is laid ; it should project about 
six inches above the platform, and be bisected by the directrix. 
The object of the heurter is to prevent the wheels from being 
run against the revetment, and also to give the gun its proper 
direction, particularly in night firing. 
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To lay a platform, the earth on which it is to rest should be 
well rammed and levelled ; three trenches are then made for the 
sleepers, two of which should be placed under the wheels, and 
the middle one under the trail. The sleepers are laid flush with 
the ground, and firmly secured by pickets driven at their sides 
and ends, and the earth is solidly packed in the trench around 
them ; the plank is then laid and secured by nails, or some other 
fastenings. 

If the platform is for direct firing, with full charges, the tM 
may be made six inches higher than the front to break the 
recoil ; in all other cases it should be horizontal. 

A platform may be constructed simply of three pieces of tim- 
ber (Fig. 35), one under each wheel, and one under the tsail^ 
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firmly secured by pickets, and connected by cross pieces, into 
which they arc halved. 

For barbettes, the platform may be dispensed with, or, if used, 
the whole surface nearly of the barbette should be covered. 

If the platform is made of a trapezoidal form, it will require 
five sleepers. 

75. Powder Magazines. The main objects to be attended 
to in a powder magazine are, to place it in the position least 
exposed to the enemy's fire; to make it shot-proof; and to 
•ecurc the powder from moisture. 

If there are traverses, such, for example, as are used in defile- 
ment, the magazines may be made in them ; or they may be 
placed at the foot of a barbette ; or, in dry soils, be made partly 
or wholly under ground. 

The magazine should be at least six feet high, and about the 
aame width within ; ita length will depend on the quantity of 

4 
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ammunition. It may be constructed of fitscunes, gabions^ or 
coffer-teork, or any means found at hand may be used which will 
effect the end in view. 

76. If fascines are used, the sides (Fig. SS) should slope out- 
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wards to resist the pressure of the earth ; the foscines should be 
firmly secured by pickets and anchoring withes. The top may 
be formed by a row of joists, of six-inch scantling, placed about 
two and a half feet apart ; these should be covered by two layers 
of fascines laid side by aide, and the whole be covered in by at 
least three feet thickness of earth. The bottom should be 
covered by a flooring of joists and boards ; a shallow ditch 
being left under the flooring, with a pitch towards the door of 
the magazine, to allow any water that might leak through to be 
token out. A thatch of straw might be used on the inside, but it 




is somewhat dangerous, owing to its combustibility ; hides or tar- 
paulins are better, and will keep out the moisture more eflectually. 
77. A coffer-work is formed by making frames (Fig. 37) of six- 
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inch scantling ; each frame is composed of two uprights, termed 
Mauchiom, and a cap and ground>»ilI, well nailed together; it is 
nx feet wide, and six feet high in the clear. These frames are 
pbced upright, and parallel to each other, about two and' a half 
feet apart ; they are covered on the top and sides by one and a 
half inch plank, which is termed a sheeting. The magazine other- 
wiat^ is constructed as in the last case. 

78. When gabions are used, a hole is usually dug in the 
ground to form a part of the magazine ; the gabions (Fi^ 88) 
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«rc placed ip two rows, side bj side, around the hole, and are 
filled with earth. The top is formed as in the case of fascines. 

•79. Splinter Proof The mouth of the magazine is covered 
by a Bpliiiter proof ihelter. This is constructed {Fig. 39) by 




taking Mantling eight by ten inchea, cut into suitable lengths, 
and placing it in an inclined pnsitinn, so as to cover the mouth, 
•nd leave an easy access to it. The pieces usually are inclined 
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46*, and are placed side by side ; they are covered by at least 
two feet of earth, or sods ; and hides or tarpaulins are thrown 
over the whole. 

The magazines here described, are only suited for works which 
are not expected to be occupied but for some weeks and are not 
exposed to an attack of any but light field gnns. In all cases 
where lumber is abundant, it will he beat to cover at top by a 
foot in thickness of pieces laid in juxtaposition, and to give a 
covering of at least six feet thickness of earth on the moat 
exposed side, and place the magazine entirely underground. 

Splinter proofs (Fig. S9, bis) for trenches and enclosed works 
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faced with timber from eight to twelve inches diameter, and 
covered with a sheeting of thick boards, and from four to six 
feet of earth, which are supported by uprights at the back ; hav- 
ing a board flooring as shown in the figure, have been recently 
used in our field works and trenches with great benefit in the 
saving of life. 

80. Boml) Proof Majfazlnos. For field works of a semi- 
permanent character which are to be indefinitely occupied, have 
an armament of heavy guns, and are expected to stand a si^^ 
like the defences around Washington for example. The maga- 
zines, bomb, and splinter proof shelters, should be constructed 
of the heaviest timber, and be covered securely with earth from 
the assailant's curvat«d and direct fire. 

The ventilation of the magazines and precautions for their 
drainage, are of the utmost importance. Figs. 40 and 41 give 
the plan and a croas^aection of a magazine constructed in a work 
of this character. The sides of the interior of the magazine are 
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formed of twelve-inch logs placed vertically in jaxtaposition 
and resting upon a ground-sill. These are capped on top by a 
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two-inch board, a strip of a like kind being spiked on within 
the cap. The top is formed of fifteen-inch logs, also in jaxtar 
position, each having a shoulder of three inches to fit it to the 
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cap and inside strip. Longitudinal logs are laid on these with 
varying diameters, so as to give a proper pitch for the roof. 
Earth is solidly packed upon the top and between the roof logs, 
receiving the proper slope for the roofing boards. These boards, 
carefully jointed, are laid on' in two thicknesses, each being 
covered with a coating of asphalte. The flooring of the maga- 
zine is of joists and boards. 

The sides of the magazine are surrounded with an air-cham- 
ber formed by inclined logs supported on a ground-sill and resting 
against the top logs ; these are placed at three or four feet ap^ 
each one being braced at the middle point to resist flexure from 
the pressure of earth. The chamber is covered in by saplings 
laid in juxtaposition. There are ventilators between the maga- 
zine and the air-chamber near the top, and also between the lat- 
ter and the external air ; the two not being opposite, and the 
usual precautions to guard against accidents from sparks being 
taken. The earth-cover is ten feet on the exposed side, and six 
feet on the other sides and on top.» 

The entrance to the magazine is well secured by a bomb proof 
covering. A slope is given from the interior to the foot of the 
steps leading to the level of the floor for the purposes of draining. 

81. Bomb Proof Shelters. Bomb and splinter proof shelters? 
of wood have also been carefully built in the interior of some 
of these enclosed works, and in the gorges of those open to the 
rear ; both may be arranged with loop-holes for defence. These 
are mostly constructed in the manner shown in Fig. 39, bis. 
The exterior side is of heavy logs placed in juxtaposition, rest- 
ing on a ground-sill and capped at top. Parallel to these is 
another row, which may also be in juxtaposition or at short inter- 
vals apart and capped like the outside row. The roofing, con- 
sisting of heavy logs laid in juxtaposition and covered by thick 
jointed boards,* rests on the capping. The back face may be 
sealed on the inside to obviate the dampness fix)m the earth resting 
against the back ; and some simple method of drainage, by fas- 
cines or tiles, is arranged to carry off the water from the earthen cov- 
ering. This last should be the same as for the powder magazines. 

It is highly important that these works should be so organized 
is to afford a retreat for the garrison should the main work be 
carried. This might be done in some cases, by masking, with 
earth, only the lower portion of the side looking on the interior 
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of the work, ancl covering the exposed timber with iron plating 
with loop-holes, to sweep all the ioterior space. 

82. TraTerses. Those which arc conatructed to cover the 
flanks of the guns from an enfilade Sre, are usually what are 
termed gabionades. To form q gitbionade, gabions ore placed in 
« row (Fig. 42), side by side, enclosing a rectangular space of 
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about twelve feet in width from out to out, and about twenty* 
four feet in length, perpendicular to the epaulment A second 
row is placed within this and touching it The area thus 
enclost-d is filled in with earth, to a level with the top of the 
gabions. Four rows of large fascines are next laid on the 
gabions, to support a second tier consisting of one row. The 
Mcond tier is filled in like the first, and the earth is heaped up 
on top, making the gabionade nearly eight feet high. The work 
will be expedited by throwing up the greater part of the earth 
before placing the second tier. Splinter proof traverses may be 
made by placing three thicknesses of gabions side by side filled 
with earth, with a second tier of two thickneases on top. 




83. Enclosures for Qorges and Outlets. A stoccadc is the 
best enclosure fur the gorge of a work. The outline (Fig. 43), 
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or plan of the gorge, should be a small bastion front, or a 
teazle, for the purpose of obtaining a flank defeooe. 
The trunks for the stoccade (Fig. 44) should be ten or twelve 
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inches ia diameter, and eleven leet in length. It will be beat to 
square them on two sides, so that thej may have about four 
inches of surface in contact. The top of the stoccade should be 
at least eight feet above the ground. To arrange it for defence, 
a banquette is thrown up against it on the interior ; the height 
of the banquette one foot nine inches. A strip, about two feet 
in length, should be cut from the top of two adjacent tranks 
with a saw, so that when they are placed side by side there shall 
be an opening at top, between them, eight inches wide on the 
interior, and two and a half inches on the exterior; this open- 
ing, through which the muzzle of the mnaket is run out in 
firing, is termed a loop-kok. The distance between the loop-holes 
should be three feet. In this arrangement the bottom of the 
loop-holes will be six feet above the ground on the exterior, to 
prevent the enemy from closing on them to stop them up, or use 
them in the attack. 

About four feet in front of the stoccade, a ditch is made twelve 
feet wide and three feet deep. The earth from the ditch is 
thrown up against the stoccade, in a slope, to the level of the 
bottom of the loop-hole, to prevent the enemy from attempting 
to cut down the stoccade. 

84. Outlets (Fig. 46) are passages made throngh a parapet, 
or an enclosare of a gorge, for the services of the work. They 
should in all cases be made in the least exposed part of the work. 
Their width need not be more than six and a half feet^ when 
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used only for the service of the work ; but when they serve as 
a common passage for wagons, etc., in the case of the intrench- 
ment crossing a road, they should be at least ten feet wide. 




Hg. 4S. Siowa tiM PUa t of a TrftTerie to cIom Um Ontlet o r through a parapet, a ■ o li th« 
■m hi whidi tho Ptaao of flro eota th« Sections of the TraTerae and Farapet 

When cut through a parapet, the sides receive a slope of three 
perpendicular to one base, and are reveted with sods, etc. 

85. A gate, termed a harrier^ serves as an enclosure to the out- 
let The framework of the barrier is made like an ordinary 
gate, consisting of two uprights, or stiUs^ a cross-piece, or rail^ at 
top and bottom, and a swinging bar^ or a diagonal brace. Upright 
palisades, about seven feet long and four inches thick, are spiked 
to the frame about four inches apart; they are finished at top 
with spikes. A barrier, thus constructed, will not offer a shelter 
to the enemy should he attempt to cut it away. The barrier is 
hung on hinges like an ordinary gate. The posts of the irame- 
work should be very solidly braced to support the weight of the 
harrier. 

88. Draw-Bridge. (Fig. 45, bis.) For the usually narrow 
ditches of field works, either a light rolling bridge may be used 
for a communication, from the outlet, across the ditch ; or else 
an ordinary wooden draw-bridge. A very simple one, and of 
easy construction, was propost^d by Colonel Bergere of the 
French engineers. The bridge (Fig. 45, bis) is a light platform, 
a, Oy' of joists and boards, long enough to span the ditch D, and 
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80 arranged as to turn around an axle at a, the crest of the acarp. 
At the point B, on each side of the platform, an iroD gudgeon 




is firmly attached to it and turns in the eye of a socket at the 
end of the lever c B. This lever is formed of two pieoes of 
scantling of 80(ne tough flexible wood, each about four inches 
square. The lever hiia an eye, at tiie middle point o, which 
receives a strong iron bolt that connects two ordinary gun car- 
riage wheels. The two pieces which form the lever are firmly 
fiistened together, as shown in the figure; a weight, consisting 
of shells filled with sand, or shot, being fastened at the end c, 
and serving as a counterpoise to the bridge. Two rails a, of 
heavy scantling are laid for the whcela to run upon in manoeu- 
vring the bridge ; which is done simply by one or two men taking 
hold of the spokes of the wheels, and so, by turning them, 
causing them to run backwards or forwards, and thus raise or 
lower the bridge. 

The outlet should be 'covered by a mask thrown ap either on 
the interior or on the exterior, to prevent the enemy from firing 
through it into the work, A traverse (Pig. 45) is thrown aoross 
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it, if placed on the iDterior. When placed on the exterior a 
small redan is constracted, just in advance of the counterscarp, 
of sufficient size to cover the outlet and the bridge over the 
ditch. The passage to the exterior may be either through the 
face of the redan or between one of the faces and the ditch. 
Sufficient space should be left between the traverse and the para* 
pet for the passage of a gun. The length of the traverse is 
arranged to prevent the enemy from firing into the work, by an 
oblique fire through the outlet The traverse may be of earth 
or of wood ; in either case it should be arranged for defence to 
enfilade the outlet In some cases the traverse at one end is 
broken forward at right angles, and connected with the parapet 
of the work ; the space between the traverse and parapet at the 
other end being left open for a passage-way. A defensive stoc- 
cade with a barrier, secures thia opening from surprise. It 
should be thrown far enough back to be out of reach of fire. 

87. Safety Redoubt In enclosed works a place of retreat 
into which the troops may retire in safety after a vigorous 
defence of the main work, will remove the fears of the garrison 
for the consequences of a successful attack of the enemy, and 
will inspire them with confidence to hold out to the last moment. 

This interior work, which may very properly be termed the 
hep, can only be applied to works of large interior capacity. It 
may be formed of earth, or consist simply of a space enclosed 
by a defensive stoccadc, or palisading. In either case it should 
be about four feet higher than the main work, to prevent the 
enemy from obtaining a plunging fire in it from the parapet of 
the main work. 

The best arrangement for the keep is the construction termed 
the block-house. This work Figs. 46, 47 is made of heavy 
timber, either squared on two sides or four ; the pieces which 
form the sides of the block-house are either laid horizontally, 
and halved together at the ends, like an ordinary log-house, or 
else they are placed vertically, side by side, and connected at 
ti>p by a cap-sill. The sides are arranged with loop-hole 
defences ; and the top is formed by laying heavy logs, side by 
aidt% of the same thickness as those used for the sides, and cover- 
ing them with earth to the depth of three- feet. 

With regard to the details of the construction, the timber for 
the sides should bo twelve inches thick, to resist -an attack of 
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mu-^ki^tTT, ami to reast field-pieces two feet, in whi<^ ease ths 
stdcii aK furm«d of two thickaeaes of twelye-inch timber. If 




iiw liiubtT u (tltH.'eU upright, each pi«ce shoald be let into a 
tiuu'liiK> ill tho VH^^^Ih and ewrr fourth piece of the top, at 
liMMt, ahi^uUl U« u<.>l>,>h<d ou tb« uapfiill, to prerettt the sides &om 

'I'litf (>Ihu i.»i' tho Wwfc-h*>ttse must conform to its object gene- 
i'hIIv ; it iut\v be «{»»!« or rectaogoW. If flanlc defoooes are 
noiitiiiHl, it» i>Ihu itiav be thill of a onMs. The interior height 
■lii'uKI )u>l lio U'Ma thtui uin« fi»fC to allow ample room for load- 
iuu tliw luunkvt ; ihU height will retjaiK th«A the timber of the 
■lt)k<a altHll W tw«lv« tv^ Kmg, in ocdef to be firmly set in the 
vwitlt. S(iuu>(uii«w a gr\>und-«ill u placed under the aprighti^ 
bt)t iltiii iM «0li)oiu itwessary. The width may be oolj twelre 
^>| tit iKmw «!«.'«, but it tf b«-tter to allow twentr feet; this will 
Hiliiiil of H i.>Hiu[) (toil ^>f Uvudd OB each side, six and a half tteA 
vridti, uiul H fkxv ji^v of seren ^L If cannon is to be osed 
fur tliu kU<tuu(HS thu width tuust be at lent twentj-foor feet ; thii 
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will allow eighteen feet for the service of the gun, which is 
generally ample, and six feet for a defence of musketry on the 
opposite side. A greater width than twenty-four feet cannot 
well be allowed, because the bearing would be too great between 
the sides for twelve inch timber ; and even for a width of six- 
teen feet it would be well to support the top pieces, by placing a 
girder under tliem resting on shores. 

The l(X)p-holes are three feet apart ; their interior dimensions 
are twelve inches in height, and eight inches in width .for sides 
twelve inches thick ; and twelve inches square for sides two feet 
thick. The width on the exterior, for the same thicknesses, will 
be two and a half and four inches. The height of the loop hole 
on the exterior will depend on the points to be defended ; it 
should admit of the musket being fired under an elevation and 
a depression. The height of the loop-hole above the exterior 
ground is six feet. 

Vents for the escape of the smoke are made over each loop- 
hole, between the cap-sill and the top pieces. 

The camp bed serves also as a banquette; it is placed four 
feet three inches below the loop hole, and has a slight slope of 
about eight inches inwards. 

The provisions, accoutrements, etc., are placed on shelves and 
racks attached to the shores and girders ; and in cellars in dry 
localities. 

The block house is surrounded by a ditch, similar to the one 
used for a defensive stoccade. A strong door is made in one of 
the reentering angles, and a slight bridge leads from it across 
the ditch. 

88. Block-House -with top Parapet It has been proposed 
to place a slight parapet of earth on top of the block-house. It 
18 thought that this accumulation of earth would be too heavy 
for the timbers, independently of leaving but little space for the 
defence. Perhaps a b(*tter arrangement might be made on top, 
similar to a defensive stoccade, the uprights being secured at bot- 
tom, between two pieces resting on the top pieces, and held firm 
by an arrangement of riband pieces and braces. 

It has also been proposed to place the interior and exterior 
rows of uprights three feet apart, and to fill in between them 
with closely packed earth, for a defence against artillery. This 
method has been tried, and was found to be less solid than the 
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one here laid down, independently of being more difficult to 
conatruct. , 

Tbc top pieces should in no case project more than twelve 
inches beyond the sides to admit of logs, etc., being rolled over 
on the enemy. 

89. American BIook-House. In the more recent block- 
houses erected in our service for the protection of bridges, rail- 
- road stations, etc, the sides and roof (Figs. 48, 49, 60) and 




(Figs. 51, 52) are constructed with a double thickness of 
logs eighteen inches in diameter, hewn to a face of eight inches 
where they are in contact. The inner logs are placed upright, 
the outward horizontal. A space is \eft in the outward casing 
sufficient for the fire from the loop-holes made through the inner. 
The horizontal logs above the loop-boles are held up by short 
uprights, mortised into them and into those just below. The 
ceiling is covered with earth, as shown in the section, three feet 
thick at the ridge and sloping towards the eaves to about six or 
nine inches, where it is confined by a pole plate. The earth ia 
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protected from the weather by a board roofing. Tin or sheet 
iron ventilators are made through the roofing and ceiling, and a 
brick flue to receive the pipe of the stove used in cold weather. 

The loop-holes are nearly of the same form and dimensions of 
those already given. 

Some of these structures are built in the form of a cross, con- 
sisting of a square central chamber, twenty-four feet on a side, 
and of four wings of the same form and dimensions when the 
block-house is for cannon. An embrasure is pierced in each of 
the three sides of each wing to serve a single gun. The cheeks 
of the embrasures are faced with logs, and the mouth is secured 
by a musket-proof shutter with a loop-hole in it The embra- 
sures are below the level of the loop-holes, allowing these to be 
used whenever necessary. 

Arrangements for magazines and store-rooms are made under 
the fl<x>r of the block -house in the most secure parts. 

The entrance to the block-house may be either through a 
postern, the bottom of which is on the level of that of the ditch, 
a ramp lending from this level outwards, a door properly secured, 
and 8t<*[>s, forming the inner communications; or it may be 
arranged as shown in Figs. 51, 52, with a plank thrown across 
the ditch (m the same level as the natural ground, the entrance 
to the door being masked by a double stoccade, leaving the 
same passage-way as that of the doorway. Loop-holes in the 
door and sides of the building sweep this passage. 

90. Two Story Blook-House. The block-house is some- 
times arranged with two stories, the comers or the sides of the 
apper story projecting over the sides of the lower. Either of 
these methods is sufficient for the defence of the lower story ; 
but the first is the best to procure a fire in the direction of its angles. 
It can only be used, however, as a defence against infantry. 
* When artillery cannot be brought to bear against the top of 
the block-house, it may be constructed like an ordinary floor, 
and be covered with nine or twelve inches of earth to guard 
against fire. 

The application of wood to the purposes of defence is one of 
paramount importance in our country. A block-house, sur- 
rounded by a defensive stoccade, is impregnable to the attack 
of infantry if properly defended, and is therefore peculiarly 
suitable to either wooded or mountainous positions, where a train 
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of arti!!ery canuol be taies VA->:j: prcal labor, owing to the 
itnpediisests that may he lir?wa ia ia war, by rendering the 
roads impasable IJom oba^mctioiis essly obtained. In positions 




covered by eztensiTe earthen works, such as those that wonid 
be required for the defence of the towns on our seaboaid, and 
which would be occupied during a war, a defensive urangement 
of the barracks for the troops, so that they might serve, in case 
of the midn works being forced, as rallying points, under oover 
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of which the main body of troops may retreat with safety, is a 
subject that commends itself to the serious attention of the engi- 
neer. From the details already entered into, an eflScient combi- 
nation for this purpose will suggest itself to the reader, without 
entering farther into particulars. 

91. Dltoh Defences. The surest defence for a ditoh is a 
good flanking arrangement of the work itself; but as this is, in 
many cases, impracticable, owing either to the relief, or to the 
plan, flank defences must be procured by a construction made in 
the diteh. Several methods may be resorted to for this purpose, 
termed caponnieres, scarp, and counterscarp galleries. 

92. Caponnidres. The caponniere is a work made across 
the diteh, and may be either single or double. A single capon- 
niere is nothing more than a defensive stoccade, or palisading, 
made at the extremity of a diteh, as in the case of a redan. It 
will obviously be of no service, unless the enemy is forced to 
attack it in front. 

A double caponniere (Fig. 53) is arranged to fire in two direc- 




Fif. 68. Section of CaponnMre for Ditch Defenoti 

tions, and is usually placed at the middle of the diteh which it 
is te protect It is made in all respects like a block-house with 
upright sides; its width may be only eight feet, and its height 
the same. 

The bottom of the caponniere may be on the same level as ihe 
diteh, or below it; in the latter case, the loop-holes should not 
be more than eighteen inches above the level of the diteh, to 
prevent the enemy from using them against the assailed within. 
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In iht . former, a amall ditch should be made roond the 
eaponni^re, and the earth from the ditch be thrown against 
hi sides. 
The plan of the caponoiere (Fig. 54) should be arranged to 
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•dioit of being flanked by a defensive stoccade, placed at the 
foot of the scarp ; for this purpose the end next to the counter- 
acarp should be in the form of a salient flanked by the stoccade. 
To prevent the enemy from jumping on the caponniure, from the 
crest of the counterscarp, a apace of at least twelve feet should 
be left between the two. Moreover, the top of the caponni^ 
flliould be covered from the enemy's artillery, either by the 
coanteracarp crest or by a glacis. 

The communication to the caponniere, from the work, may be 
by a timber gallery under the parapet, formed of frames and a 
■beeting, similar to the construction used for a powder maga- 
nne. 

93. Countarsoarp Gallery. The counterscarp gallery (Fig. 
56) consists of a framework, covered on top with a sheeting, 
which is placed within the counterscarp at the fialients. The 
front of the gallery ia made of nine or ten-inch scantling, placed 
nprigbt, and arranged with loop-hole defences ; these pieces are 
ooDnected at top by a cap^ill. Cross-pieces are notched on the 
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cap-sill, about three feet apart ; they are supported by shores 
plaoed four feet from the front-piece. The cross-pieces may pro- 
ject three feet beyond the shores, and, if necessary, be braced 
from the shores. The gallery is covered on top by one and a 
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fig. fiB. A Section, ■ Eleratlon of a Counterscarp Gallery for a Work with a Rereted Scarp, a 



half inch sheeting ; and behind in a similar manner, but only 
to the height of five feet above the bottom. This arrangement 
gives a free space behind the back sheeting for the play of the 
rammer in loading. The height of gallery may be only seven 
feet ; its width, according to the foregoing arrangements, is four 
feet. It should be covered on top by at least three feet of earth. 
The level of the gallery should be the same as the ditch ; and 
there should be a small ditch in front of it, to prevent the enemy 
from closing on the loop-holes, or obstructing their fire by filling 
the ditch in front of them by means of sand bags, fascines, etc 
The entrance to the gallery is by a narrow door. 

94. Soarp Gallery. A scarp gallery, either for musketry or 
for one or two pieces of cannon, may be constructed to procure 
a flank fire in ditches with dead angles. These galleries may be 
made in all respects like a double caponniore ; the bottom of the 
gallery being sunk low enough to allow the greater portion of 
the ditch to be swept. As the top of the gallery must support 
that portion of the parapet of the work above, it must be firmly 
shored by strong timber. The rear of the gallery must be open, 
and there should also be an escape for smoke at the berm of the 
parapet above the gallery. 
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A oonstraction of a like character may be used to form a 
blind for one or two guns which it may be particularly desirable 
to place under cover from an enemy's artillery. The sides of 
the blind may be farther secured by placing against them either 
gabions or sand bags. 
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CHAPTER VIIL 

ACCESSORY, OR SECONDARY MEANS OF DEFENCE. 

95. Disposition of Obstacles. The means employed as 
accessory usually consist of artificial obstacles, so arranged as to 
detain the enemy in a position where he will be greatly cut up 
by the fire of the work. 

Anything may be regarded as an obstacle to the enemy by 
which his attention is diverted from the assailed to his own situa- 
tion; but no obstacle will be of much service to the assailed 
which is not within good striking distance of his weapons. The 
proper disposition^ ihereforej of obstacles, is in advance of the ditch 
vnthin short musket range. Here they delay the assailant under 
fire, and give the assailed a feeling of more security as the 
assailant is kept further off. 

Marshes, water-courses, wet ditches, precipices, etc., may be 
regarded as obstacles, if they are sufficient in themselves to stop 
the enemy's progress. But, however strong, they are not solely 
to be relied on ; as the strongest natural position may be carried 
if not vigilantly guarded. 

96. Obstruction of Approaches. In placing the ground 
around a work in a defensive attitude, every means should be 
taken to reduce to the smallest possible number the points by 
which the enemy may approach ; so that, by accumulating the 
troops on the weak points, a more vigorous defence may be made. 
In making this arrangement, equal care should be given to 
everything that, affio>rding a shelter to the enemy, would enable 
him to approach the work unexposed to its fires. To prevent 
this, all hollow roads, or dry ditches, which are not enfiladed by 
the principal works, should be filled up, or else beifwatched by 
a detachment, covered by an advance work. All trees, under* 
wood, hedges, enclosures, and houses, within cannon range, should 
be cut down and levelled, and no stumps be allowed higher than 
two feet. Trees beyond cannon range should not be felled ; oi 
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if felled, they sbould be burnt, to prevent the enemy's move- 
ments being concealed. 

If there are approaches, auch aa permamnt hri3gea, fords, and 
roads, which may be equally serviceable to the assailed and to 
the enemy, they should be guarded with peculiar care, and be 
exposed to the enfilading fire of a work especially erected for 
their defence. 

97. ClaBses of Obstaolea, The principal artificial obstacles 
are trout-de-hup, or mtlitary pita ; abaUia ; palisades ; /raises ; 
itoixades ; chevaux-de-frise; small pickets; entanglemenia ; crow's- 
fiet; inundations; and mines. 

88. Trou»de-loup. (Fig. 56.) These are pita in the form of 




an inverted tmncated cone, or quadrilateral pyramid ; their 
diameter at top is six feet, their depth six feet, and width at bot- 
tom eighteen idches. A slake is, in some cases, planted firmly 
in the bottom, its top being sharpeoed, and the point a few inches 
below the upper circle. 

Trous-de-loup are g<;nerally placed in three rows, in quincunx 
order, a few yards in front of the ditch. They are readily laid 
OQt by means of an equilateral triangle, formed of conii, the 
ffldea of the triangle being eighteen feet; the angular points 
mark the centres of the pita. The earth taken from them is 
spread over the ground between tbcm, and is formed int» hil- 
locks to render the pas^igc between as difficult as possible. If 
bmshwood or light hurdles can be procured, the pits may be 
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made narrower, and covered with the hurdles, over which ft 
layer of earth is spread. 

TrouB-de-loup are sometimes placed in the ditch ; in this case 
their upper circles touch. 

Small holes of an inverted pyramidal shape (Fig. 57), with 
stakes, may be used for trous-de-loup. 
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These obstacles are principally serviceable against cavalry. 

The term rifie-pii has lately come into use for trous-de-loap 
lai^ enough to hide a sharp-shooter in, and, by a small cover in 
front, enable him to use his arms. 




99. Abattlfl. (Fig. 58.) The large limbs of trees are selected 
for an abattis. The smaller branches are chopped off, and the 
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ends, pointed and interlaced with some care, are presented 
towardA the enemy. The large end of the limb ia secured to the 
ground by ft crobJiel-piclxl, arid may be partly irabeddt'd to pre- 
vent its being readily torn up. 

One of tlie beat methods of forming an abattis, and which I'a 
peculiarly adapted to strengthen the Bkirts of a wood occupied 
by light troops, ia to fell the trees so that their branches will 
inierlaoe, cutting the trunk in such a way that the tree will bang 
to tbe stump by a portion uncut. The stumps may be left high 
enoogb to cover a man in tbe act of firing. 

AbattJs are placed in front of the ditch ; in this position they 
most be covered from the enemy's fire by a small glacis. They 
are aometimes placed in the ditch against the counterscarp. 

This is an excellent obstacle in a wooded country, and admits 
of a good defence, if a slight parapet is thrown up behind it. 
^c parapet may be mode of the trunks of trees laid on each 
other, with a shallow ditch or trench behind them ; the earth 
&x>m which is thrown against the trunks. In an open position 
it may be relied on as a security against a surprise, particularly 
by cavalry. 

100. Palleadeg. (Fig. 26.) A palisade is a stake about ten 
feet long, and of a triangular form, each side of the triangle 
being eight inches. The trunks of straight trees should be 
selected for palisades. The diameter of the trunk should be 
from ^teen to twenty inches. The trunk is sawed into lengths 
of teo and a half feet, and is split up into raits, each length fur- 
Dtshing from five to seven rails. The palisade is pointed at top: 
the other extremity may be charred if the wood is seosonecl, 
otherwise the charring will be of no service. A palisading is a 
row of palisades set in the ground, either vertically, or slightly 
iocUned towards the enemy. To plant the palisades, a trench is 
dag ihree feet deep ; they are then placed about three inches 
tfunder, with an edge towards the enemy. Each palisade is 
Dwled lo a strip of thick plank, termed a riband, placed horimn- 
tally about one foot below the ground ; another riband is placed 
oigfaleen inches below the top. The earth is firmly packed in 
tbe trench. 

A palisading is sometimes used as a primary means of defence, 
particularly for low works. A banquette is thrown up for this 
porpose against it ; the tread of the banquette being six feet 
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below the top of the palisading, and four feet three inches below 
the upper riband. 

As nil ubstacle in Hanked works, it ia best placed at the foot 
of the counterscarp; the points being twelve inches below its 
crest, or else covered by a small glacis. In this position the 
palisading fulfils all the conditions of an efficient obstacle; it is 
under the fire of the work ; covered from the enemy's fire ; will 
not afford a shelter to the enemy ; and cannot be cut down with- 
out great difficulty. 

lOL An inclined palisading (Fig. 59) is sometimes placed in 
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an advanced position in front of an ordinary trench to secure it 
from surprise. This was done to secure a line of trench at the 
siege of Fort Wagner, The palisading was made at the depdt 
in panels (Fig. 60) of four or five palisades, cut from pine sap- 
lings va>*ying from four to eight inches in diameter, those 
above five inches being split in two, and placed with the bark 
side upwards. The spaces between the palisades were left 
only small enough to prevent a man forcing his body through 
them. 

102. Fraise. (Fig. 27.) This obstacle is formed of palisades, 
placed in juxtaposition, either horizontally or slightly inclined^ 
The best position for a fraise is on the berm, or a little below it, 
so as to be covered by, the counterscarp crest. The part of the 
fraise under the parapet is termed the tail^ and is about five feet 
long. To make a fraise, a horizontal piece of four-inch scant- 
ling, termed a cushion^ is first laid parallel to the berm ; each 
palisiide is nailed to this, and a thick riband is nailed on top of 
the fraise near the end. 

The point of the fraise should be at least seven feet above the 
bottom of the ditch, and should not project beyond the foot of 
the scarp, so as not to shelter the enemy from logs, stones, etc., 
rolled from the parapet into the ditch. 

The fraise is a good obstacle for works without flanking, as a 
redoubt, etc. 

103. Stoooade. Trunks of small trees, from nine to twelve 
inches in diameter and twelve feet long, are selected to form a 
stoccade. They are planted in juxtaposition, in a similar man- 
ner to a palisading, and are used for the same purposes, llie 
manner of arranging a stoccade, which is also sometimes termed 
a picket^ as a primary defence, will be described in another 
chapter. 

104. Chevaux-do-fHse. A cheval-de-frise (Fig. 61) consists 
of a horizontal piece of scantling of a square or hexagonal form, 
termed the hody^ about nine feet long, which is perforated by 
holes two inches in diameter and five inches apart; round staf^ 
ten feet long and two inches in diameter, termed lances, shod 
with iron points, and inserted into the body, so as to project 
equally from it. At one end of the body a ring and chain are 
attached ; at the other a hook and chain ; for the purpose of 
attaching several together, forming a chevaox-de-frise. 
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The square U the beat form tor the body ; it requires only five- 
inch scantUng, whereas the hexagon will require twelve-inch 
timber. 

The chevaux-de-lrise is not much in use as an obstacle, owing 
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to the difficulty of making it It is a good defence against 
cavalry ; and on rock may supply the place of palisades ; but 
even here an abattis would be more effective, and generally more 
readily formed. 

A chevaux-de-frise formed of sword blades for lances has been 
found a formidable obstacle. 

105. Small Pioketa. This obstacle (Fig. 28) consists of 
straight branches of tough wood cut into lengths of two and a 
half or three feet They are driven into the ground in a quin- 
cunx order, about twelve inches apart, and project irregularly 
above it, not more than eighteen inches. Interlaced with oords^ 
wire, grape-vines, brambles, prickly shrubs, etc, they form an 
excellent entant/lemenL 

106. Crowds-Foot. This is formed of four points of irozi, each 
^ike about two and a half inches long, and ao arranged, that 
when thrown on the ground one of the points will be upwards 
They are a good obstacle against cavalry, but are seldom vasi. 
Boards, with sharp nails driven through them, may supply the 
plaoe of crow's-feet The boards are imbedded ia the ground, 
with the sharp points projecting a little above it 

107. Inundations. This obstaclo is formed by damming back 
a shallow water-course, so as to make it overflow its valley. To 
be effective, an inundation should be six feet deep. When this 
depth cannot be procured, trou»4e-lonp, or else short ditches, 
placed in a quincunx older, are dug, and the whole is ooversd 
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with a sheet of water, which, at the ditches, must be at least six 
feet in depth. 

The d2in8 used to form an inundation are made of good binding 
earth, or of crib-work of logs filled in with stone, gravel, and earth, 
or of successive layers of fascines and gravel. If the dams are 
to stand for some time they may be faced on the upper side with 
boards. They cannot, in general, be raised higher than ten feet; 
they need not be thicker than five feet at top, unless- they are 
exposed to a fire of artillery, in which case they should be regu- 
lated in the same way as a parapet. The slope of the dam down 
stream should be the natural slope of the earth ; but up-stream 
the slope should have a base twice that of the natural slope. 
Sluices are made in the dams, in a similar manner to the sluices 
of a mill-dam, for the purpose of regulating the level of the 
water in the pool above, in case of heavy rains. Wask-weirs 
are also serviceable for the same purpose, but unless carefully 
made they may endanger the safety of the dam. 

The distance of the dams apart will depend on the slope of 
the stream. The level of each pool should be at least eighteen 
inches below the top of the dam, and the depth of water below 
each dam should be at least six feet. These data will suffice to 
determine the centre line, or axis of each dam. 

Artificial inundations seldom admit of being turned to an 
eflFective use, owing to the difficulties in forming them, and the 
ease with which they Ciui bo drained by the enemy. But when 
it Is practicable to j)r<x;ure only a shallow sheet of water, it 
should not be neglected, as it will cause some apprehension to 
the enemy. In some eases, by damming back a brook, the watcc 
may be raised to a level sufficient to be conducted into the 
ditches of the work, and render some parts unassailable. The 
ditches in such cases should be made very wide, and to hold 
about a depth of six fcvt. During freezing weather the ice 
should be broken in the middle of the ditch, and a channel of 
twelve feet at least be kept open, if practicable. The ice taken 
out should be piled up irn^gularly on each side of the channel ; 
and, as a farther precaution against a surprise, water should bo 
thrown on the parapet to freeze. 

In a system of inundations the dams should, as far as practica- 
ble, be built at points the least exposed to the fire of the aasaile^l. 
The . head of each dam, on the side of the enemy, should be 
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Kcnred from sarprise hy a reilrin. stoccsde, or other drience, And 
the dam itaelf and ita approaebfs sboold be swept br mosketiy 
and arallcry, 

103. Mfawtg. Anempts at appEj^'iDg mines to tbe defence of 
field worka have seldom prov^^i saccwssfuL owing to the rapid 
character of the asaaolt, frum which the mines are dsq ally i^pning 
too soon or too late: so that the onW eEFert that can be counted 
apon for their use is the panic thev maj create. 

109, Stone-Fog gaaee. There is one species of mine denomi- 
ttated a slone-jbuyatsf, which it is thonght might be SQCcessftilly 
applied to tbe defence of the ditches and salients of field works. 
To make this mine (Fig. 62)^ an inclined fannel-shaped excara* 




tion is made to the depth of five or six feet ; at the bottom of 
the funnel a box containing fitly-five pounds of powder is placed, 
with which a powder-hose communicates. A strong shield of 
wood, formed of battens well nailed together, is placed in front 
of the box ; and three or four cubic yards of pebbles, or an 
equal weight of brick-bats, or other materials, are filled in against 
the shield. Earth is then well rammed around the shield on top, 
and behind, to prevent the explosion from taking place in the 
wrong direction. A fougasae of this size, when sprung, will 
Bcatter the pebbles over a surface sixty yards in length and 
seventy yards in breadth. 



FIELD FORTIFICATION. 79 

UO. Torpedoes. Small casks and large shells loaded with 
powder, termed torpedoes^ and so arranged as to be exploded by 
friction, or a blow on a fulminating compound, have been lately 
used as mines with some success. The fulminate is exploded 
either by a plunger fixed into a water-tight tube screwed into 
the cask, which is forced down by a person treading on a light 
board resting upon it and covered lightly with earth, or else in 
the same way by friction as a cannon is fired. 
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CHAPTER IX. 

ADAPTATION OF FIELD FORTIFICATION TO IRREGULAR AND 

VARIED SITES. 

Jll. General Considerations. The skill of the engineer is 
chiefly shown in adapting the resources of his art to the great 
variety of topographical features met with in the positions that 
an army is necessarily obliged to occupy when acting on the 
defensive. No less skill is called for on the part of the general 
in the selection of his defensive points, as no engineering skill 
can remedy, in other than a defective manner, a position which is 
strongly commailded by points which the assailed can occupy 
within good cannon range, or the flanks of which can be readily 
turned. To fortify similar positions demands a degree of eflFort 
in the inverse ratio of their strength, and for the most pajrt is 
but labor in vain. 

1152. Strategical and Tactical Considerations. Two prin- 
cipal questions present themselves in a strictly defensive war ; 
the one stfategical^ the other tactical. The first is based upon the 
* general features of the territory to be defended as aflecting the 
operations of the assailing force, and the system of warfare the 
best adapted to the assailed ; the second on the particular topo- 
graphical features of the positions where resistance is to be 
made.. 

113. Frontier Defences. The first attention will naturally 
be given to the system of defence for the frontier, whether one 
or more strong points shall be alone occupied from which the 
assailed can be observed ; or whether a continued line of natural 
and artificial obstacles shall be presented to obstruct the move- 
ments of the invading force. Although opinion is against the 
latter method, the question is one that cannot be decided in an 
absolute manner. The numbers and quality of the army on the 
defensive ; political as well as military considerations ; the cha- 
racter of the frontier ; the facilities for the rapid concentration 
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of the troops ; and the security of the lines of retreat has an 
important be&ring upon it and demands the most careful conside- 
imtioD, 

That a very extended line is necessarily a weak one is gene- 
nlly admitted; still a system of continued lines, in a country 
difflcuU to penetrate, may be used with advantage, and if weak 
when asxailed by a strong force, may serve as an obstruction to 
a weak one, and be particularly serviceable against raida. Such 
a line may be made to play the same part as the lines thrown up 
in siege operations to prevent the garrison besieged from obtain- 
ing succor or supplies by detJicbments trying to penetrate them. 

114. Taotloal Conaiderations. The tactical considerations 
are the same in the application uf Held fortifications to a position 
•8 for the distribution of troops for its defence. Their principal 
vbJuc depends upon the character of the site itself. If it has 
llie qualities of a good defensive field of battle, and lends itself 
to such a disposition of intrencbments as the troops themselves 
would naturally assume, then the essential tactical considerations 
out be secured. ]n all such cases both the plan and the com- 
mand of the system employed must be subordinate to the site ; 
..toatttnnpt more than this would require time and means far 
beyond the command of an army in the field. 

Ija. Military Poflitlons. Posilionsderivetheirgreat import- 
uoc from the influence of fire-arms in the decision of battles; 
fcr whatever enables one party to deliver its fire with effect 
against the other, whilst it, at the same time, remains sheltered 
in any degree from that of its adversary, places the advantage, 
all other thingx being equal, greatly on its side ; and it is this 
adnntftge which should be principally kept in view in selecting 
• positioa. 

Woodi, eommandiiuf heights, prwn'pteea, and liOagti, constitute 
tbe strong points of n position. They serve as points of sup- 
port against which the wings of the army rest ; or else, by cover- 
ing puts of tho front, they serve as the key points in the 
defiwoc. 

A wood, if properly intrenched, covers the ioCmtry from tbe 
Attacks of cavalry ; conceals its maDa>uvrea, and enables it to 
deliver its fire without being exposed to that of the enemy. 

Heights, by giving a commanding view of the surrounding 
ground, incn»se both the range and the effects of fire-arms; 
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whilst they, at the same time, serve to screen the troops behind 
•them until they are required to be brought into action. Preci- 
pices oflFer similar advantages to heights, and are moreover 
unassailable. 

Villages serve as secure shelters for detachments, which, by 
their fire, cover the manoeuvres of the troops in their rear; and, 
if properly intrenched, will cause the enemy great loss in his 
eflFort to force his way into them. 

Rivers, marshes, hollows, and ravines, are the most un&vorable 
features of a position, because they may prevent a firee circala« 
tion from one point to another, and thus impede the manoeuvres; 
and they are exposed to the full fire of the enemy. They may 
however be of service when they are so placed as to support the 
wings, or, when the position being too extended for the number 
of troops, they render parts of the front unassailable. 

The best positions are those which, being in due proportion to 
the force by which they are occupied, command all the surround- 
ing ground within cannon range, the ground descending in a 
gentle slope to the front, presenting woods, villages, etc., to sup- 
port the wings and cover parts of the front, and admitting of a 
free circulation from one point to another, with secure communi- 
cations in their rear in case of retreat. If with these advanta- 
ges, they present marshes, or other obstacles, which will embar- 
rass the enemy's movements, and force him to advance in 
column, exposed to the fire and free manoeuvres of the assailed, 
they will unite everything desirable in a favorable field of 
battle. 

Intrenohed Camps. Troops should always be encamped 
in order of battle, to avoid the consequences of a surprise. 
When a camp is fortified, it is termed an intrenched camp. The 
same rules and general principles -apply to the choice of a site 
for a camp, and the manner of fortifying it, as to other posi- 
tions. 

116. Mountainous Sites. The crests, and gorges, are the 
most important military features of a prominently marked moun- 
tainous position. It is through the latter that the roads are 
made, and the former, from their elevation, command the latter. 
The crests should therefore never be abandoned to the enemy, 
although from their position, or distance, they may not directly 
overlook the gorges ; for, independently of the real advantage 
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of position, which the enemy would thus acquire, he would pos- 
sess a nelative advantage in the moral effect produced on troops 
when thej find themselves in a commanded position. 

If the base of the mountain does not stretch out too iar from 
the summit to admit of a sure retreat on the latter, works may 
be thrown up for the defence of the base, with intermediate 
works between the base and the summit placed on the secondary 
ridges, or other commanding pointa But if the distance between 
the summit and the base is great, and particularly if it is decide 
beforehand to retreat upon the summits, in case of disaster, then 
the base should be disregarded. 

The works thrown up for the defence of the summit should 
be laid out on the brow of the height, for the purpose of over- 
looking and guarding its sides. As has been already stated, the 
plan and relief of the defences will be subordinated to the fea- 
tures of the ground. Where the surface along the crests is undu- 
lating, presenting salient and reentering parts, consisting of spurs 
and ravines more or less prominent, the salient points should be 
occupied by works with a good relief, and otherwise strength- 
ened by passive obstructions to the assailant's advance, as from 
their position a broad flanking sweep of the surface for artillery 
can be obtained for the defence of the approaches upon the col- 
lateral salients. The reentering portions may be occupied with 
defences of a weaker profile, as their position is stronger and it 
18 from them that a strong fire of musketry and of the lighter 
field guns can be brought to bear upon the ground directly in 
fipont of the salients adjacent to them. 

The cremaill^re line (Figs. 16, 63), and the redan line with 
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long curtains broken forward, so as to form a tenailled combina- 
tiOQ with alternate long and short branches (Figs. 14, 15), both 
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lend tbemselves better than most other combinations to a con- 
figuration of ground of this description. 

Very steep slopes will not admit of a defence with artillery, 
because the gun cannot be fired under a much greater depression 
than one-sixth, and unless the shot take effect the enemy will be 
inspirited to advance, confiding in the safety of his position. In 
slopes of this character the works may consist simply of a para- 
pet (Fig. 64), in the form of a glacis, without any ditch, the earth 
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for the parapet being taken firom an interior trench ; in some 
cases a dry stone wall may be substituted for an earthen parapet 
An abattis may be formed in front of the parapet within close 
musket range ; and heavy round logs, or large masses of rock, 
be arranged along the parapet, ready to be rolled over on the 
enemy should he break through the abattis. Steep escarpments 
of rock are generally considered inaccessible ; but those points 
should never be left to their own strength. It is always prudent 
to post a small detachment to frustrate an attempt of the enemy 
to surprise them. 

A steep natural slope (Figs. 65 bis, 66 bis) may be readily 
made inaccessible by cutting away the &ce of the eminence. 

It may, in some cases, be indispensably necessary to guard 
certain points at the base of a mountain, as, for example, where 
the base is washed by a river, over which there is an important 
ferry. Under such circumstances the point to be guarded should 
be protected by a strong work ; and a chain of posts, placed on 



FIELD FOBTIFICATIOK. 



86 



ihe most commanding points between the summit and the base, 
should oonnect the two. These posts should, when practicable, 
be placed in defensive relations, and in all cases their fire should 
sweep all the ground between the two principal points. The 
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interior of the posts most advanced should be exposed to the fire 
of those in their rear, in order that the enemy may be driven 
oat, should he succeed in forcing his way into any one. As 
these posts will require a considerable detachment for their 
defence, care should be taken not to multiply their number 
unnecessarily, and never at the expense of the main defence. 

All communications, leading through the mountains, should 
be carefully guarded, both at their outlets and at the most suit- 
able intermediate poiuts for defence ; otherwise the most respect- 
able positions will })e liable to be turned by the enemy. If the 
communications are not of use to the assailed, they may be 
barred by a line of abattis, or by an artificial inundation, etc. ; 
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and they should be watched by a detachment of light troops, 
whose retreat on the main works should be secured in case of an 
attack by superior forces. 

If the communications are of use to the assailed they should 
be defended by intrenchments, which should command and enfi- 
lade them in the most eflFoctual manner. 

117, Forests. An abattis is the natural intrenchment of 
forests. The position of the abattis will depend on circumstan- 
ces. If light troops are in observation in advance of the forest, 
they may be covered by a line of abattis, to prevent a surprise, 
and to enable the corps, if driven back, to retire under cover of 
the forest. Other lines of abattis may be formed at suitable 
points in the forest itself. If the forest is in front of intrench- 
ments, the trees must be felled within cannon range, and an 
abattis be formed. 

118. Marshes. An impassable marsh, or bog, may serve to 
reader a weak point unassailable, if the enemy can neither flank 
nor turn it. Like all points secured by natural obstacles, it 
should be vigilantly guarded to frustrate any attempt to cross it 
by surprise. As the position behind a marsh may be regarded 
as unaissailablo, the works in its rear require but the slightest 
reliuf, 

118. Rivers. The works planned for the defence of a river 
will depend on the object to be attained, whether it be simply to 
piuvuut the enemy from crossing, or to give the assailed the 
muuus i»f u secure communication with the opposite shore. 

The point* most favorable to the passage of the enemy are 
IoiaIs; and when the river is not fordable, the points where an 
iJtuw ia formed, the reentering being towards the enemy. To 
li|U4i\l these weak points, works should be placed in a suitable 
^ilitJOi to prevent the enemy from approaching the opposite 
Utuk ; aud in the case of a ford, every obstruction should be 
H^vumulaUMJi on these, and the plan of the works (Fig. 65) should 
bi' ^^ turunged that their fire can be concentrated on the ford ; 
Hiut, il' the assailed have cavalry, a free space should be left 
biivvoeu the water and the works for the cavalry to act on ; the 
uLjiuL being to obarge the enemy whilst crossing the ford in 

VH^ 1tel48^ HMds. To keep open a free conmiunication 
^ iiU vUvi gj^poaite ahore^ it will be necessary to throw up 
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works there of sufTicient strength to allow the assailed time to 
eflFect a safe retreat, should they be attacked by superior forces. 
As these works serve to cover the bridges in the rear, they 
are termed tetes-de-pont^ or bridge-heads. The best points to 
erect a bridge-head are the bends, or elbows of the river, the 
reentering being towards the assailed. The reasons for select- 
ing these points are, that the bridge- head may be protected by 




fig. 68^ bte. PUn of a Coired Trench with Binlghi Wlngi to defend a Ford. 

a good flank and cross-fire from the opposite shore, which from 
its shape is most favorable for this purpose ; secondly, from the 
manner in which elbows are formed, the point occupied by the 
bridge-head will commonly be commanded by the opposite shore, 
and should the enemy succeed in obtaining possession of the 
bridge-head, he will have all the disadvantages of a commanded 
position ; thirdly, the elbow is not only unfavorable to the 
enemy, by preventing him from placing a battery in a position 
to destroy the bridge, but it also may prevent floating bodies, 
thrown into the current by the enemy with the same view, 
either by their shock, or by fire, from coming directly in con- 
tact with the bridge, as the chances are, that those bodies will 
strike one or the other shore before reaching the bend. 

The plan of a bridge-head should be carefully studied on 
the gn)und ; and it should, as far as practicable, satisfy the fol- 
lowing conditions : 

Ist. Admit of a defence until all the troops have effected a 
safe passage. 

2(1. Cover the bridge from the enemy's artillery ; so that the 
retreat may not be cut oflF bv the destruction of the bridge. 

3d. Be suited to the end in view ; if, for example, its object 
IB to afford the means to small detachments of making incursions 
on the opposite shore, a small unimportant work will be all that 
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or a redan, with o79A:A(>ii^ or flanks, near Ae extremities €ff ihe 
faces, and perpendicolar to thexa. arranged for musLetrjr, will be 
a Tcnr suitable form. 

Neither of these works^ however, admits of sofBciait stiengdi 
to cover a very important point, whose loss might compromise 
the safety of an army, or the sncoess of a campaign. The best 
arrangement for this purpose is either a ham-work (Rg. 67)^ a 
nmpk or a compUx cwum. 
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The horn-work, like the priest-cap, is best adapted to a posi- 
tion where the shore for aomo Jiatance ia ncarlj a straight line. 




It consists of a baationed front (Fig. 67), nearly parallel to the 
fiborc and at a suitable distnnee from it to give the work suffi- 
cient interior capacity, and of two wings which close the flanks. 
When the flanking from the opposite shore is incfEcient, a 
eiotcbct ia added to each wing to defend its ditch and sweep in 
fisnk the i^prooch to it. This work is onl^ suitable wbere a 
hrge detachment holds the point it defends. 

The nmpio crown (Fig. 68) consists of a central bastion, and 
two half bastions near the banks. In planning this work, the 
flanks which protect the central bastion should be longer than 
the other two, as it ia hardly probable that the enemy will 
tttenipt an attack on any other point but the salient. The bat- 
teries on the opposite shore should sweep the ground iromedi- 
Klely in &ont of the faces, and cross their Ere in advance of the 
aalient 

The complex crown-work consists of a polygon of three or 
more sides, on each of which a bastion front is constructed. 

If the bridg(»-hcad is to cover ihe manceuvies of a Urge amiy, 
either advancing or retreating, a strong simple crown (Fig. 68), 
with a aystem of detached lunettes, about six hundred yards in 
fioDt of it, prcacnte a very suitable Arrangement. The lunettes 
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may be arranged as in the system of General BogniaL The 
central bastion of the crown-work should be armed with a strong 
battery of heavy guns to protect the lunettes; and heavy bat- 
teries, on the opposite shore, should sweep the ground between 
the lunettes and crown-work. 



»»•'. 




fig. 68. Plan of % TdC«Hle-PoDt of % Single-Crown Work a, with Detached Workg, n n. B b, 
ttiiet. 

If there are islands in the river near the works, they may be 
fortified with advantage to flank them. 

Besides the arrangements already mentioned, intervals of from 
ten to twenty yaixis should be left between the shore and the 
works, for the troops to defile through ; the interior is covered • 
by a traverse in rear of the interval. A small defensive stoo- 
cade should be formed immediately at the head of each bridge, 
to enable a company of picked men to defend it until the bridge 
can be cast loose from the shore. 

An interval of at least one hundred yards should be left 
between the bridges, if more than one is used, and about the 
same distance should be left between each bridge and the wings 
of the work. 

There are no works that demand more care in their plan and 
construction than tites-de-poflt on important points. They should 
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receive a strong profile so as to command all the approaches, 
and be thoroughly flanked, so as to render an open assault 
impracticable. 

12L Villages. A village may play a very important part in 
an action, if suitable arrangements are made for placing it in a 
defensive attitude, to prevent the enemy from carrying it by 
storm. If the village is not too far in front of the line of bat- 
tle, it should be strongly occupied ; its rear being left open to 
receive succors. But if, by occupying the village, a very salient, 
and therefore a very weak point, would be presented to the 
enemy, then it would be best to demolish it, to prevent the 
enemy from taking advantage of it to cover his manoeuvres 
whilst advancing, or from throwing a detachment into it to cover 
his retreat if repulsecf. 

To admit of a good defence, the houses of the village should 
be built of brick or stone, and not be too scattered. The enclo- 
sures of the gardens should consist of brick, stone, or mud walls, 
or a thick-set hedge. Wooden villages do not admit of a good 
defence, on account of the ease with which they may be burnt ; 
but they should not on this account be abandoned to the enemy ; 
for they offer a shelter, if only a temporary one, to troops, and 
by checking the enemy only for a short time, may render 
im{K)rtant service. Villages consisting . of log-houses are the 
most defensible. 

122. Military Posts. The term military post is applied to 
isolated positions, occupied by small detachments, for the pur- 
pose of guarding particular points which are of importance dur- 
ing the ojKjrations of a campaign, or for a longer or shorter 
period. These jyositions are frequently* villages, farm-houses, etc. 

The officer charged with placing a village in a defensive atti- 
tufle, should first proceed to a careful examination of its envi- 
rons, for the purpose of ascertaining what natural obstacles, and 
what facilities, they present to the approach of the enemy. 
Very slight accidents of ground may be greatly improved by 
trenches of trifling depth, with a profile similar to Fig. 64, to 
place troops sjxjedily under cover. When the surface is undu- 
lating it should be particularly examined with this view, the 
officer taking a position at diffijrent points and directing men to 
approach him, and occasionally stooping to observe how much 
they will be masked from a fire at various heights above the sur- 
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face. The side slope of a ridge from the enemy will be the best 
position for the trench to obtain speedy cover, provided the 
ground in advance of it can be well swept from its crest The 
next points to be considered are the walls, hedges, etc., of enclo- 
sures, which may be turned to a useful account for the defence, 
or which might serve as a shelter to the enemy. After having 
finished this examination, he will next proceed to lay'but his 
works ; arranging their plan so as to draw every pebble advan- 
tage from the natural and artificial obstacles at hand, to render 
certain points inaccessible, and to procure a shelter for his troops, 
and flanking arrangements by means of the walls, hedges, etc. 
If there should be danger of an attack before these works can 
be completed, the roads leading to the village, by which the 
enemy might approach, should be broken up ; and cannon should 
be placed in the best position to guard the most accessible points. 
The streets of the village should be barricaded, and the houses 
and walls, in the vicinity of the barricades, should be placed in 
a defensive attitude. In taking these preparatory measures 
against a sudden attack, any means that will afford the troops a 
cover from the enemy's fire should be resorted to ; bales of cot- 
ton or wool, casks set side by side, and filled with earth, piles 
of timber, etc., have been used with great success under such 
circumstances. As the various arrangements called for under 
such circumstances will demand great activity on the part of the 
garrison, care should be taken to distribute the work among the 
men most conversant with it, placing the men who have any skill 
in the handling of tools at preparing the wooden and stone defences, 
and common laborers at throwing up the earthen works, etc. 

The works that surround the village should be placed so far 
from the houses that the troops shall not be incommoded either 
by the splinters occasioned by the enemy's artillery, or by the 
flames and smoke, should the houses be set on fire. The com- 
munications from all the exterior defences to some central rally- 
ing point should be carefully arranged, to avoid confusion in 
retreat, and check the pursuit of the enemy. The garrison 
should be made perfectly familiar with them, and with the 
resources they may afford, in case of need. Short-cuts should 
be made for this purpose by breaking througU garden walls, the 
party walls of houses, etc., and by the erection of barricades at 
all suitable points to make a stand 
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12& Hedg^a A ihin set hedge cannot be placed in a good 
state or dffenoe, and should tberefore be destroyed, to prevent 
its interfering in any manner with the defence. At the best this 
defence will only serve aa a screen, the hedge holding the earth 
up. A Uiick-sct hedge (Fig. S9), if over six and a half feet 




high, should be cut down to this height, and the cuttings be set 
iDto tbo linlge to back the earth better; a small ditch is dug 
in tmnl of the hedge, the earth fVom which serves to form a 
banquette and a slight parapet, which are thrown up against the 
bed]^. If the hedge is less than six and a half feet high (Fig. 
70), it is cut down to the height of four and a quarter feet ; a 
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dileh or trench, about three feet wide at bottom, and two feet 
deep, is dug behind the he<lge, and the earth is thrown up 
oat it, aa in the lost cose. A width of two or three feet 
should be left between the irrnch and the earth thrown against 
ihe hedge to serve aa a ban(]nette. 

A simple ditch behind a hedge will often serve aa a good cover 
for light troops without any other preparation. 

1&4. Wails. If a wall is of brick, or stone masonry, or of 
mud, and at least six and a half feet high (Fig. 71), it may be 
arranged for defence by cutting loop-holes through it, at three 
feet apart. For walls two foet thick, the interior width of the 
JoophoIeN should be fifUwn inches, the exterior width four inches, 
■od the interior height twelve inches, and the exterior should be 
arranged to allow thu Gre to sweep aa great a space as practicable. 
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The bottom of the loop-hole is four and a quarter feet above the 
ground. A small ditch, about three feet in depth, should be 
dug on the outside of the wall, and the earth thrown against it> 
to prevent the enemy from closing on the loop-holes. 




wig. 71. Bectfon of Wan oyer ilx and a half feet Ugh with Ditch hi fh>ni 

Where loop-holes have to be made through walls, it will not 
be practicable to preserve any uniformity of form or dimensions. 
The officer superintending their arrangement should see that they 
afford a clear view and thorough sweep over the approaches of 
the assailed. 

If the wall is less than six and a half feet high (Fig. 72), it 




fig. Tl. Sectton of aLow Wall with Tlreneh Inrear and Ditch In troak 

should be cut down to the height of four and a quarter feet ; or 
else a banquette should be made against it. A trench is dug 
behind it, as in the case of a hedge of the same height ; a ditch 
of about two feet deep should be dug in front of the wall, to 
prevent the enemy from reaching the assailed with the bayonet, 
and to place an obstacle to his climbing over the wall. 

Walls which are eight feet high (Fig. 78), may be arranged 
with a double tier of fire ; for this purpose a banquette of boards, 
sustained by trestles^ or by casks, is made, to enable the assailed 
to fire over the wall ; loop-holes are made near the foot of the 
wall, and a ditch is dug behind it, to obtain a second tier of fire. 
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In this caw no ditch sbould be mode on the outaide of the vail, 
becftuse it might enable the enemy to close on the loop-boles. 
If a long line of wall should require Baoking arrangcmeata 
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(Fig. 74), a timber work, termed a tambour, : 
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side ; this work is made tike a defensive stoccade, with square 
or ntund timber about six or eight inches in thickness ; the plan 
of the tambour is that of a redan, or lunette with a salient angle 
of 60". A hole ifl made through the wall to communicate with 
the tambour, and loop-holes arc made in the wall to flank the 
faces of the tambour. 

120. Banioadea. Wagons, or carts, sunk in the ground up to 
their axle-trees, and loaded with stones, or earth, will form a 
Tcry good barricade. A pile of loose stones will serve the same 
purpose in some cases; also timber hiid in piles, lengthwise and 
cromwtse, with the open spaces filled with stones, or earth, forms 
an excellent barricade. A ditch in front adds to the obstacle. 

llurriuades should lie defended from behind with muskctrj, 
and canmm loaded with case tthot ; a work, like a defensive stoo 
ode, wilt therefore be the best arrangement for them. 

1S6. Houses. Tu place a house in a defensive attitude, the 
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doors and windows of the lowest story should be firmly barri- 
caded, and loop-holes be made as in the case of a walL A tam- 
bour should be placed before the doors, both for their protection 
and to procore flanking arrangements if required. The windows 
of the upper stories should be partly barricaded, to cover the 
troops within, and loop-holes should be arranged as in the lower 
stories. 

The roof, if not fire-proo^ should be torn down, and the floor 
of the upper story be covered with earth or dung, moist finom 
the stable, to the depth of about two feel 

If it is intended to defend the upper stories, should the enemy 
succeed in forcing the lower, the stairs should be torn down, and 
slight ladders be used in their stead; holes should be made 
through the floor to fire on the enemy in the lower story, or to 
throw heavy articles, or boiling water, etc:^ on him. 

If there are balconies to the windows of the upper stories, or 
an upper gallery, they can readily be placed in a defensive state 
by placing thick boards as a shelter on the outside, and cutting 
holes through the floor to defend the doors and windows of the 
lower story. 

If there are no conveniences of this nature, a temporary struc- 
ture, termed a machkovlis ^Ikry (Fig. 75), may be formed, by 
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placing stout pieces of scantling through holes made in the wall, 
on a level with the floor ; these pieces being confined to the floor 
on the inside, either by nailing them to it or by tying them with 
rope to the joists ; they should project firom Uiree to four feet 
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beyond the wall on the exterior, and vertical pieces of smaller 
scantling, about four feet long, sLould be nulled to tliem, on 
whiob boards are nailed to cover the troops from tbe enemy's 
Arc; these boards should be at least three inches thick. The 
fiooring of the gallery is laid on the horizontal pieces, and holes 
are made through it to fire on llie enemy, or to throw grenades, 
BtoiMM, etc., on him. 

Any similar arrangement which will shelter a man, in the act 
of firing from a window on the foot of the wall, or in throwing 
over stones, etc., will serve the same purjiose as a machicoulis 
gallery. A table might easily be arranged to answer the end in 
view. 

la ftrranging a bouse for defence, everything should be tamed 
to account. The chimneys may be partly torn down on the 
interior lo obtain bricks to barricade the windows. The flooring 
boards may be used for the same purpose, and pillow cases filled 
with earth, blankets, books, etc., be thrust in between the boards 
Duled on the inside and outside of the windows. By tearing 
away some of the partitions, and taking up some of the joists 
of floors, heavy timber may be procured for the machicoulis gal- 
leries, for buttresses, for the lower barricades, for shores, etc. 

The intelligence of the oRicer will readily suggest to him the 
uses to which the objects at hand may be applied. 

Bough timber, such as logs and fence rails, make excellent 
impromptu defences in the open field. A few rails piled on each 
other, in the same way that they are laid in a worm fence, will 
alone give shelter to a man lying down in the angle they form ; 
feod if, in addition to tliis, a shallow hole can be dug, and the 
esrtli from it thrown up against tbe rails, a very good mask will 
be obtained for a sharpshooter. 

When there is time for it, a breastwork can be formed of logs 
laid upon each other, by using tie-pieces which are oolchcd, on 
tbe two opposite sides, to fit into corresponding notches made in 
tbe lower and upper logs, which are thus oonneoled in this rough 
way. The ends of the tio-picccs may project a. foot towards the 
iosido for mounting the top of the parapet, and two or three feet 
on the outside, where they are covered with the earth of tbe 
pantpeL In like manner, by using short pieces notched on each 
aide, so as lo leave space enough between the top log of the para- 
pet and another log laid above it, upon the short notched pieces, 



98 FIELD FORTIFICATION. 

for a man to fire through, good shelter will be obtained for a 
man's head whilst in the act of firing. 

Logs may be used in this way instead of fascines, etc., for 
revetting the interior slope ; or else they may be cut into short 
lengths, halved, and laid side by side, bark side out, inclined so 
as to hold up the earth of the parapet. More damage, however, 
will be done by artillery against a revetment of this kind, than 
against those already described, and most generally employed. 
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8KMI-PKRMANENT FIELD WORKS. 

i3n. General Conaideratlons. The capabilities of field 
works, when properly plaaned and built and strongly defended, 
to resist the most vigorous open assaults, and to force an afisait> 
sot to the slow and less bloody operation of gainiug possession 
of them by tbe meana used for reducing permanent works, which 
are perfectly secure from any other mode of attack, are facts of 
long standing, illustrated by military history. They are the 
more important to ourselves as this is the only defensive system 
of fortification that we shall, for a long period at least, be able 
(o nao for the security of our large cities from attacks on land. 

Tbe system which engineers seem now in favor of, and which, 
from the great space covered by our cities and the immense 
development of lines which would be called for to secure them 
from the long ranges of rified cannon, is alone practicable, is that 
of a series of works, either enclosed with a parapet, or with open 
gorges, occupying the most commanding positions of the defen- 
sive zone, and at least in reciprocal flanking range of artillery 
of each other, and which are connected by lines of a smaller 
nltef, and so adapted to the ground as to sweep all the approaches, 
and afford good flanking arnmgements of the lines themselves. 

128. Character of WorkE. The detached works should not ■ 
only receive a strong profile, but have accumulated in their front 
every acccasory obstruction that will best impede the assailant in 
an attempt at an open aasaalt, and if not flanked from tbe para- 
pet be provided with sf^ure ditch defences. The arrangement 
for the artnainent should be of the most substantial character 
for heavy guns and niortora. Bomb and splinterproof shelten 
should bo provided for the security and lodging of the garrison, 
and iu works open at the gorge, these should be placed acMMS 
the i^rge and be loop-holed to meet an assault in the rear. 

120. Exterior Deftnoes. If the ground in advanoe of theso 
works is not well swept by their fire, or that of tbe connecting 
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intrencliments, the ordinary trench (Fig. 75, bis), now better 
known as rifle-pits, should be made for this service. Besides 
these, good covered communications for field guns should be 




fig. 76 bk. Bection of TrtaOk or Ufle-Plt 



arranged so that batteries may be speedily moved from point to 
point, where their services may be most needed. These covered 
ways should also be arranged for the use of musketry (Fig. 76). 




fig. 7C Section of Oorered Trench and Parapet for the drcolation of artOlery and for moiketry 
defence. 

The plan of these works will depend upon the character of their 
site and the more or less exposed position of it to the fire of the 
assailant. For the most important, bastioned forts (Fig. 77) will 
be the best ; for others the star fort, redoubt ; or simply lunettes, 
or redans will suffice. No specific rules can be laid down, as 
everything must depend on the judgment and skill of the engi- 
neer chai^d with planning the defences. 

130. General and Detailed Plans. In the exercise of this 
judgment the engineer will be called upon to make a particular 
study of and draw up memoranda on the general plan of defence 
for die whole position to be occupied, in which he will have to 
consider its extent and its topographical and military features; 
the side towards which it must be particularly fortified ; the defen- 
sive and offensive character of the fortifications best adapted to 
it; its most striking tactical points both absolutely and relatively 
to the general plan of defence; the number of troops by which 
it is to be occupied ; and the time in which, with the means at 
hia disposal, the fortifications can be erected. These general 
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points having been settled, the next step will be to consider the 
moat suitable kind of work for each point, taking into account 
ftll natural and artificial obstructions that will contribute to the 
defence, the tactical relations of each work to the others, and the 
best distribution of the troops for each one. The discussion of 
the peculiar features of each work as to its profile, defilement, 
and construction, will finally be fixed in accordance with the 
natural and artificial features of the site exterior to the works; 
the nature of the ground itself; and the disposable means that 
the locality itself may furnish for the construction of the work. 
All of this demands, on the part of the engineer, a tborougli 
knowledge of general principles and an acquaintance with all 
the details and resources of his art 
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li the lite ftdmlttod of wme dkeretlon In flidng Ui« MUent a, and the directtea of tlM two flroBli 
A B And A D, these are inpposed to hare been to detennined aa to aTOld all enflladinf and rercne 
riewi on theae two flronta. 

The command of theae two fh>nta from a, each waj to the oppodte flanka, Is lappoaed to be ao 
regulated aa to sweep the approachca on the two fronts and to oorer aU the hiterlor from phmghig 
fire. 

The outlet Is at F, and a bridge leads ftt>m it across the ditch to the road which paases aroand the 
salient d, along the ridge In ftt>nt of a. 

M represents the bombproof barrack, oorered In ftt>nt by the parapet and arranged aa a kecpu 
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CHAPTER XI. 



DEFILEMENT OF UNES AND FIELD W0HK8. 

131. General ConslderatioSB. Where the site of a work ia 
aensibly horizoDtal, and there are no commuDdiDg points within 
canoon range from which .id afisailant can get Buch a view into 
it as to regulate his fire with some certainty, there is no control- 
liog motive for making the relief other than uniform; though it 
letweos, to some extent, the efiects of an enfilading fire, hy mak- 
ing a face higher at the salient, giving it & uniform slope back, 
w the higher the covering mojss over which the fire of the assail- 
ant must pass to reach the interior of a work, the greater will be 
the portion of the work screen*^. The extent of the cover thua 
gained will depend upon the angle of elevation and the charges 
with which the assailant's fire ia maintained. With great angles 
and heavy charges from considerable distances, and great angles 
and light chaises when near to the work, the projectile may 
receive a great plunge in the descending branch of its trajectory, 
BO as to full quite close behind the covering object ; but these 
great plunges are unfavorable to ricochet, so that if the assail- 
ant wishcfl to preserve this fire, which ia generally regarded as 
the most effective in enfilading the interior of a parapet, he must 
MKrifice the effect of great plunges, and submit to the advantage 
of better cover which the niisailed gains by raising his salients, 
or axing tniven<es fvir the some end. 

132. Defilement. When the site is not horizontal and there 
are commanding heights from which the interior of the work 
cui be plunged into, by firing under small angles of depression, 
or groand lower than the work from which a reverse fire can be 
obtuocd, on the more elevnl«d portions, over the parapet of the 
lower portions, the parts thus exposed must be screened either 
bjr raising the parapet to a suitable height, or by interposing a 
eoTeriog maaa witliin the work for the same objecL 

The o[>emlion by which this is effected is termed defilement, and 
when a work is thus screened it ia said to be dtjUed. 
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133. Defilement of Unes. Defilement is seldom practicable, 
nor in fact is it necessary for lines of any considerable extent. 
The most that can be attempted is so to vary the plan, when it 
can be done and not impair the efficiency of the fire of the differ- 
ent parts on the approaches, as to prevent the prolongation of 
any important face or flank firom falling on any point where the 
assailed would have a commanding position to enfilade ; rather 
giving those parts a direction such that their prolongation oat- 
wards shall fall on low ground, or on points inaccessible to the 
artillery of the assailed. No specific rules can be laid down 
further than of a general character. Taking, for example, a line 
of works to be thrown up within cannon shot of a range of 
heights, the crests of which lie in the same direction and are 
sensibly horizontal, the best cover that could be obtained in this 
case would be a simple right line of uniform relief the direction 
of which should be parallel to that of the crests, if the site on 
which the line is placed is horizontal (Fig. 78), by giving a good 
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height to the parapet a sheltered zone for the troops and materiel 
of more or less extent will in this way be obtained. If the site, 
as at E, slopes (Fig. 78) from the range of heights, then the same 
height of parapet will mask a broader zone of shelter, and the 
more so as the declivity of the surface is the more decided. But 
if the site slopes towards the crests, as at b (Fig. 78), the difficulty 
of obtaining shelter will be the greater bb this counterslope is 
the greater. 

If instead of a right line a broken line is used, as a redan, or 
a serrated line, then it will be well to make the fece of each 
redan or tenaille (Fig. 79), as short as practicable, and to make 
the salient angles very obtuse. In this manner but short lines 
will be presented to an enfilading fire, and the prolongations of 



FIELD FOBTinCATION. 



105 



these lines be brought to intersect the crest of the range at more 
distant points, thus forcing the assailant to' use higher angles of 
eleyation to reach them fix)m his enfilading position. 
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When the line of the crests descends in a right line towards 
Ihe site (Fig. SO), then supposing the general direction of the 
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parapet to be a right line, the most favorable position for the 
defilement, bj a uniform relief given to the line, will be to give 
the line of the parapet a direction upon the point where the line 
of the crests prolonged would meet the site. The zone of shelter 
oovered by the parapet in this case, will be so much the greater, 
and the defilement the better as the general direction of the 
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parapet makes a greater angle with that of the crest. The same 
remarks apply to a sloping or counter-sloping site. 

As the position of the works become the less restricted, there 
will be freer play for the skill and eye of the engineer to obtain 
a good solution of the question. 

134. Defilement of Field Works. For works open at the 
gorge and enclosed works, defilement becomes more important 
as the force being small eveiy means should be employed for ita 
safety. In such works there is also much less freedom to vary the 
plans. The most that can be done is to avoid enfilading or reverse 
views, by opening more or less the salient angles so as to bring 
the more prominent dangerous points within the angle of the adja- 
cent faces prolonged, or to bring those prolongations upon dan- 
gerous points as distant as practicable. In the first case a reverse 
fire on either fece will be avoided, and in the second the enfilad- 
ing position of the assailant will be thrown to a further distance. 

The dejilement of field works is not indispensable to a good 
defence ; nor is it always practicable. It is, however, not only 
a conservative means, but it also inspires the assailed with confi- 
dence ; for the soldier regards with distrust the strength of his 
position, when he finds himself exposed to the view of the 
enemy from an elevated point. 

135. Praotioal Direot Defilement. The defilement of a 
work is a practical operation performed on the ground in the 
following manner : 

Let ABODE (Fig. 81) be the plan of a work, a lunette for 
example ; and the points o, 0, etc., lying within the angle formed 
by the prolonged direction of the two faces b o, d c, the most 
elevated points of a commanding position in front of the work. 
At the points A, B, etc., let straight poles be planted vertically, 
and on the poles along the gorge line let a point be marked, at 
three feet above the ground. Let two pickets be driven in the 
ground along the gorge line, and a cord A, B, or a straight edge 
of pine, be fastened to them, on the same level as the two points 
marked on the poles at A and E. Let an observer now plaoe 
himself in the rear of a B, so as to bring the poles at b, g, and D, 
and the points o, o, etc., within the same field of. vision. Let 
observers be placed at b, o, and d. The first observer now sights 
along A B, until he brings his eye in the position that A b will 
appear tangent to the most elevated of the points o. Having 
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ftccurately determined this position, he next directs the other 
obwrvers to slide their hands along the poles until they are 
brought into the same plane of vision with the point o, and the 
lino A B, and to mark those points on the poiea. These pointe, 
together with the two first marked, will evidently be in the same 
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plane, and this plane, produced, will be tangent to the highest 
point o. It is denominiited the Rampani Plane. Now if a point 
be marked on caeli polo, at five feet above the points thus deter- 
mined, tbcse pointe wilt be contained in a second Ideal plane, 
pamllcl to the first, and five feet above it This plane is dcno- 
mioated the Plane of Dejilfment, and the interior cr«>st8 of the 
work are contwned in this plane, being the lines joining iho 
faighcM points marked on the poles. 

As tlie gorgtt line is fartlicst from the heights, and the rampant 
plane tsoenda towards them, it will necessarily pass at more than 
three feet above every other point of the parade of the work ; 
mod the plane of defilement, in like manner, will pass at eight 
feet above the parade at the gorge, and at five feet above the 
highest point o. A plane of front defilement is llierefore defined 
lo !», Ouit plane whirh, containing Ike interior crt»t» of a work, 
jKUMf at least eight fiet above every point of the parade, and at itatt 



108 



FIELD FORTIFICATION. 



five fed above every point thai the enemy can occupy within the range 
of cannon. 

136. Praotioal Reverse Defilement. When a work is 
placed in a hollow formed by two eminences, and is exposed to 
both a direct and reverse fire from them, it cannot be defiled by 
the means just explained, without giving it a relief generally too 
great for field works. To avoid this the method of reverse 
defilement must be resorted to. 

Let ABODE (Fig. 82) be the plan of a lunette, placed between 




fig. 8i. Plan of Work a »o » ■ to be defiled troai ttie HelghU o, &, 

the two eminences o, o' ; its face and flank ABC being exposed 
to the direct fire from o, and a reverse fire from o' ; the other 
fiM)e and flank being in like manner exposed to a direct and a 
reverse fire. 
Suppose the work defiled, and a section (Fig. 83) be made by 



.83. 




Hf . 8a Seetfon of Parapets a, b, and Thirene o to oorer fttmi fire fttmi o^ &, 

vertical planes passing through the highest points o and o'. If 
in this plane a vertical, A B^ be drawn, corresponding to the ca{H- 
tal of the work, and eight feet be set off on this vertical from 
the point A, and two verticals be drawn through the points o and 
o'^ and five feet be set off (m eiidi of them ; and then Uie points 
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C and c' be joined with n, it is obvious ihat the inlsrior crest of 
iho parapet a, being placed on tbe line c D, will screen all the 
jjiroaad in llic rear of it, as far as the capital, from tlie direct fire 
from o. The parapet b being regulated in a Biroilar manner, 
will screen alt tbe ground behind it as for as the same line. But 
the dre from o' would take the parapet a in reverse, and that 
from o the punipet B ; to prevent this, a traverse must be erected 
on the line of the capital, and a sufBcicnt height bo givca to it 
to KToen both a and b from a rcverae fire. To effect thia, let 
eighteen laches be eet off above the interior cre^ta of A and B; 
the point £ being joined wtlb c', and the point e' with C; it ie 
b«re also obvious, that if the top of the Imverae be placed on 
■ ttw line C k', it will effL-ctually screen both the parapets from all 
^^^^Hi£re ; because every shot thut strikes the lop of it will 
^^^^^Bkast eighteen inches above tbe two parapets, and, sinoe 
^^^^^Phquflttea are four feet three inches below the interior create, 
^i^hot must pass five feet nine inches above the banquettes, 
which will be quite sufficient to clear the heads of the men when 
on the banquettes. This illu-stration explains the spirit of tbe 
method of reverse defilement. Tbe operation itself is performed 
in tbe following manner: 

Poles (Fig. 82) are planted at the points a d c, etc., and one 
at the point t, where the lines of the capital and gorge intersect. 
Os tbe pole r, a point is marked three feet above tbe ground, 
and B point is likewise marked on the pole at c, which should be 
one foot six inches higher than that on P ; that is, if the ground 
between the two poles be level, the point on c will be four feet 
■z inchea above tbe ground. This is done to place tbe salieat 
Ugher than any other point and to give the faces a slope unfavor- 
able to enfiladC'. Two stout pickets may next be planted 
between r and c, and a cord, or » straight edge, be fastened W 
Ibem, 80 aa to be in the same line as the points marked on the 
polea. 

Obeervera are then placed at the poles A and b ; and another 
pkoea himself behind the cord so as to bring the poles o, a, and 
B, in (lie Geld of vision with it ; then shifUng the portion of tbe 
efe nntjl the cord is brought tangent lo the liight«t point od 0^ 
bo dJrecU the observers at a and B, to mark on tbe respective 
poka the poinU where the plaueof vision intersects them. This 
will detenninc the rumpont plane for one-half the work 
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A B c F, that for the other half will be determined by a similar 
process. K then a distance of five feet be set off on each pole 
above the points thus determined, these points will fix the posi- 
tion of the interior crests. 

It is obvious that the interior crest of the part A B c is not in 
the same plane as that of the part c D E. These two planes are 
denominated planes of direct defilement. 

To determine the height of the traverse is the next step. To 
do this, the height of the tread of the banquette is ascertained 
on the three poles, B, c, D, and a distance of nine inches is set 
off on each pole above the tread. This is done for uniformity 
of position of the rampant and defilement plane. Between the 
points thus determined a cord is stretched, or if the distance be 
too great for this, two pickets may be placed between B and C, 
and a cord, or straight edge, be fastened to them in the required 
direction. An observer is then placed at the pole F, and another 
places himself behind the line B c, so as to bring the cord, and 
the points o' and F, in the field of vision ; he then shifts the 
position of the eye until the cord is brought to touch the point 
o' ; he then directs the observer at F to mark the point on the 
pole where it is intersected by the plane of vision. A similar 
operation is performed with the point o, and the fece c D, and 
above the highest point thus determined on F, a distance of five 
feet \» set off for the top of the traverse at F ; and five feet nine 
inches is set off above the tread of the banquette at c for the top 
of the traverse at that point. 

The planes which determine the top of the traverse, are termed 
planes of reverse defilement. 

The traverse is finished on top like the roof of a house, with 
a slight pitch ; its thickness at top should seldom exceed ten feet, 
and will be regulated by the means the enemy can bring to the 
attack ; its sides are made with the natural slope of the earth ; 
but, when the height of the traverse is considerable, the base of 
the side slopes would occupy a large portion of the interior 
space ; to remedy this, in some measure, the portion of the sides 
which are below the planes of direct defilement, may be made 
steeper than the natural slope ; the earth being retained by a 
fiskoing of sods, etc. 

When the salient of the work is arranged for defence, the 
traverse cannot be extended to the salient angle ; it is usual to 
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^e its direction withiD some yarda of ihe salient, and unite 

it with tbe face most exposed. Traverses are also used lo cover 
&oes exposed to an enfilade fire ; fur this purpose tliey are ptaeed 
perpendicular lo ibe face to be covered. If several arc required, 
diey may be placed twenty or tbirty yards apart ; each traverse 
ahould be about twenty-four feet long, and tliick eoougU to be 
cannon proof. 

As iho traverse* require & large quantity of earth, and much 
time and labor for their construction, their lenglli ehoutd not be 
greater than is indispensably requisite to form a good screen. This 
my be determined by drawing lines from the dangerous points 
to the furthest point of the line to be screened; the one which 
intersecls tbe line of the traverse furthest from the salient will 
pre tbe best length of the required traverse. The lines drawn 
from and o' to E and a, cut the line of the traverse at a and c, 
thos requiring the traverse to be run back to a to cover each face 
lod flank. 

The difficulty of defilement, owing to the great relief that 
nuiy be required for the parapets, the labor of erecting the tra- 
▼eree*, and the room which they occupy within the work, which 
b frequently wanted for the defence, restricts its application 
mostly to enclosed works, which are to remain occupied during 
•ome time, and whose position, from some point lo be defended, 
oannot be shifted. 

Tbe po«iUon of a work on inclined ground, where one face 
ia OQ higher ground than the other, may equally expose the 
higher face to reverse views from the ground lower than the 
lower faoc, as in Fig. 83 bis, for example, whore a traverse o 




maid be oeoeniu-; both toeovertbe parapet AiVom the plun^g 
Am Ikom c and tbe parapet B from the reverse lire tVom c. 
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The cases of defilement here examined, are those of works 
open at the gorge; the same principles, and similar methods, 
would be applied to enclosed works. After the plan of the work 
has been regulated, the arrangement of the traverses next 
demands the attention ; the only rule that can be laid down is, 
to place them in the most favorable position to intercept the 
reverse and enfilading fire of the enemy ; and if there should be 
a choice with respect to several positions, to select the one which 
will give the lowest traverse. 

If it is not even probable that a commanding eminence wiU be 
occupied by the enemy, nevertheless should the defence be not 
impaired, it will be better to place the work beyond the cannon 
range of the eminence. 

137. Ditoh of Defiled Works. The irregularity in the pro- 
file of the parapet, caused by defilement^ will occasion a corre- 
spondent irregularity in that of the ditch. Where the parapet 
is highest, the ditch will require to be widest and deepest ; for, 
in order to avoid the removal of the earth to considerable dis- 
tances, it is best that the earth for each portion of the parapet 
should be taken from the ditch in front of it No other rule 
can be laid down in this case, than to keep the dimensions of 
the ditch within the prescribed limits; and, if this will not admit 
of its counterscarp being well defended, to raise a glacis in firont 
of it, subject to the fire of the work. 
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CHAPTER Xn. 

ATTACK AND DEFENCE OF TEMPORARY FORTIFICATIONS. 

188. Attack. The subject of the attack admits of two 
natural divisions ; the first of which comprehends all the pre- 
fiminary steps taken before the troops are brought into action ; 
the second all the subsequent operations of the troops. 

An attack is made either by surprise, or openly. In both cases 
exact information should be obtained of the approcaches to the 
works ; their strength ; the number and character of the garri- 
Bon ; and also the character of the commander. This informa- 
tion may be obtained through spies, deserters, prisoners, and 
others who have access to the works ; but implicit £iith ought 
not to be placed in the relations of such persons, as they may 
be in the interests of the garrison ; and in all cases they should 
be strictly cross-examined and their different representations be 
carefully compared with each other. 

The best source of information is an examination, or recon- 
naissance, made by one or more intelligent officers. This recon- 
naissance should, if possible, be made secretly ; but as this will 
not be practicable if the garrison show even ordinary vigilance, 
it will be necessary to protect the reconnoitring officer by small 
detachments, who drive in the outposts of the garrison. The 
object to be attained by the reconnaissance is an accurate know- 
ledge of the natural features of the ground exterior to the 
works ; the obstacles it presents, and the shelters it affords to 
troops advancing ; the obstacles in front of the counterscarp and 
in the ditches ; the weak and strong points of the works, and 
the interior arrangements for the defence. If the work is an 
isolated post, information should be obtained as to the proba- 
bility of its being succored in case of an attack ; the length of 
time it must hold out to receive succcor ; and the means it pos- 
aeascs of holding out. 

139. Attack by Surprise. A surprise is an unexpected 
attack^ for which the assailed are not prepared. It is, perhaps, 

8 
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the best method of assailing an undisciplined andvCareless garri- 
son, for its suddenness will disconcert and cause irremediable 
confusion. 

Secresy is the soul of an enterprise of this nature. To ensure 
it, the garrison, if aware of the presence of the troops, should 
be deceived and lulled into security by false manoeuvres. The 
troops that form the expedition should be kept in profound igno- 
rance of its object until they are all assembled at the point from 
which they are to proceed to the attack. 

The winter season is the most favorable for a surprise, which 
should be made about two hours before day, as this is the 
moment when the sentries are generally least vigilant, and the 
garrison is in profound sleep ; and the attempt, if at first success- 
ful, will be fecilitated by the approach of day, and if unsuccess- 
ful, the troops can withdraw with safety under the obscurity of 
night Should there be danger, from succors arriving in a short 
time, the attack should be made soon aftef midnight, when the 
garrison is asleep, so that the troops may retire before daylight, 
after having attained their object 

As a general rule, the troops for the attack should consist of 
a storming party, divided into an advanced party and its sup- 
port and be followed by a reserve of picked men. The advance 
of the storming party will open the way, and be closely followed 
by the support in the assault of the parapet, and a reserve of 
picked men. There should be two guides, one in front of the 
storming party, with the detachment of workmen under the com- 
mand of an engineer officer ; the other in the rear, under charge 
of a guard, to supply the place of the first, if killed. The work- 
men should be furnished with axes, crow-bars, pick-axes, etc^ 
and several bags of powder, of about thirty pounds each, to be 
attached to palisadings, fraises, and barriers, to blow them down, 
if the alarm should be given whilst they are opening a way 
through them by other means. All the operations should be 
carried on with dispatch and in silence. Should the sentries 
challenge, they must be secured or bayoneted. 

Circumstances alone can determine whether it will be advisa- 
ble to make false attacks with the true one. They will distract 
the attention of the garrison, if the alarm is given, from the true 
attack ; and a £ilse attack has sometimes succeeded when the 
true one has failed. When made, one should be directed against 
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the strongest point of the work, as tlie strong points are usuully 
guarded with less vigilance than the others; and they should all 
be made at some distance from the true attack ; and ordem Ix- 
given to the detachments making them to proceed to tlie [winl 
of Uie inie attack, should they succeed in making their way into 
the work. 

If the attack succeed, immediate measurce should be ukeii to 
{dace the works in a state of defence, if the position is to be 
maintained ; or else they should be destroyed, as far aa practica- 
ble, before retreating from them, 

140. Attaok by Open Foroe. The general arrangementa 
fcr an open assault, comprehend the operations to gain possession 
of the works ; the measures for maintaining possession of tiiem, 
»nd following up the first advantage; and, finally, the precau- 
tioiui to be olwcrvL'd in the event of a repulse. 

Ad open assault may be made either with the bayonet alone, 
or with the combined action of artillery and the bayonet. The 
is the most expeditious method, but it is attended with great 
destruction of life; it should therefore only be resorleii to 
again*! works of a weak character, which are feebly guarded ; 
or against isolated posts within reach of speedy succor. When 
tried it will usually be best to make the att&ck just before day. 
If it iti made by daylight it will, in most cases, be well to scour 
the environs with a few squadrons of cavalry, to pick np patrolee 
Hwl stragglers who might give the alarm, and then push forward 
rapidly the assaulting columns. If the assjtilcd seem prepared, 
Kghl troops should precede the columns of attack, with orders 
ti) display in front of the counterscarp, and open a brisk fire on 
tbc unaitcd, fur the purpose of diverting their attention from 
the columns of attack. 

la an attack with artillery, the troops arv drawn up in ashrltred 
|KMtion. or beyond the range of the guns of the assailed ; bat- 
teriea are then established within twelve to six hundred ynrdo of 
,tbe wcrrka, in the most favorable positioiM to enSlade the faces, 
ud destroy oil visible obstacles. The baturin keep up an inces- 
mnt fire of ball and hollow projcctilefl, in order to di«moiiot the 
canDoD, and errata; confusion among the assailed. When the fire 
of the works ia silenced, the troops are thrown forwanl, and 
domonstrutiona are made on Bcreml points, to divert the attention 
«r the UMiled (W)m the true point of ntUick, and prevent him 
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from concentrating his strength on that point. Several false 
attacks should be made at the same moment with the real one, 
and each of them should be suflSiciently formidable, in point of 
numbers, to enable the troops to profit by any success they may 
obtain. 

The number and disposition of the troops making the assault 
will depend, in so great a degree, on local circumstances, and the 
arrangements of the assailed, that nothing more can be laid 
down under this head than some general rules. 

The attack should be led by a storming party, composed of 
picked troops, or of volunteers for the occasion ; this party is 
preceded by a detachment of engineer troops, provided with the 
necessary means to make their way through all obstacles, to 
enable the storming party to assault with the bayonet If the 
detachment is arrested at the crest of the counterscarp, by obsta- 
cles which must be destroyed before farther progress can be 
made, the leading files of the storming paj'ty may open a fire on 
the assailed to divert their fire from the workmen; but this 
operation should only be resorted to from necessity, as it breaks 
in on that unity so essential in an operation of this character, 
and impairs the confidence of the soldier in the bayonet, on 
which his sole reliance, in such cases, should be placed. 

The storming party should be provided with light scaling 
ladders, planks, fascines, strong hurdles, etc., for the purpose of 
descending into the ditch ; to mount the scarp ; to cover trous- 
de-loup, small pickets, etx3., etc. 

Another detachment of engineer troops follows in the rear 
of the storming party ; its duties consist in rendering the pass- 
ages, opened by the first detachment, more accessible to the troops, 
who immediately follow it to sustain the storming party. This 
second detachment is also charged with the care of placing the 
work from which the assailed has been driven in a defensive 
attitude, in order to frustrate his attempt to repossess himself of 
it. The first detachment should be charged with this duty : for^ 
independently of having handsomely acquitted itself in bearing 
the brunt of the action, it may be required to precede the storm- 
ing party in the pursuit of the assailed to his interior works. 

The troops destined to support and, if necessary, reinforce the 
storming party, advance in one or two lines, with cavalry, and 
Bome pieces of artillery on the wings, to repel sorties. The 
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remainder of the troops follow in order of battle, to improve 
the firet succesaes, or to cover the retreat of the aaeuulting 
columoB, if repulsed. 

The aalieiilg are geuerally the potnta on whiuh the Btorming 
partjr ailvuDccs, unless some natural feature of the ground should 
prment greater facilities for advancing on a rctinlering, or in 
front of a face. When the ditch is gained, shelter U aougbl in 
a dead angle ; and if the work iB fraised, or resolutely defended 
witli the bayonet, a breach must be made, either by firing before- 
hand hollow loaded projectiles into the parapet, or by undennin- 
acarp with the pick. If the intrenchmenta consist of 
" lunettes, an attack phould be made on their gorge at 
_ le moment with the one in front 

When the assailed arc driven from their main works, the atorm- 
iug party Bhould press hotly on their rear, and endeavor to enter 
pi*II-mcll with them into their interior works, leaving to the 
troopfl which follow ihem the care of retaining posseasion of the 
works gained ; bul, if the intrenchmcnts are supported by other 
Iroopd drawn up in order of battle, the storming party sbould 
ludt ia the works until it is reinforced by the troops in ita rear. 

There la no danger to be appreliended, in case of a retreat, 
Rft>>r an unsuccessful attack on an isulute*! work. But in an 
kltaek on intrenchmcnts, supported by an army, the retreat of 
the storming party should be covered by cavalry and artillery, 
aotil it can find safety behind the main botly of the troopa, 
dr««rn up in order of battle to protect it, and to receive the 
asmnit of the asaaiU^d, should he atb^mpt olTensive o[»eralions. 

In conducting the attack, preparations sbould be made Viefore- 
band for n^moving all the artifieial obstacles that the assailed 
■laj have placed bi^fore their works, to impede the [Progress of 
ibe atorming party. Tliis duty is uaiialty intrusted to the detuob- 
nenl of engineer troops, who arc provided with axen, piokn, and 
other suitable tools for this purptjse. When the obstaclis ar« of 
a nature to be easily destroyed by artillery, it should alwavs be 
mortetl to. Abattis. palisades, fraiaes, and entanglements, when 
expoiMd, may be readily torn to pieces by opening an rafilnding 
riooobet fire on them. When cannon cannot be brought to bear 
on thcae obstaclea, an abattis may aometimcs be set fire to. and 
etc^ be blown in by att^hing b^ of powder to them, 
Tn»Mle-loap may be pased, either by covering them with plank 
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or Strong hurdles, or else by directing the men to pass cautiously 
between them in extended order ; small pickets may be broken 
down, or else fascines may be spread over them so as to form a 
tolerably stable road-way ; fascines may also be used to cover 
the points of spikes. 

The passage of the ditch, and the assault of the parapet, are 
the most difficult operations. If the ditch is not more than six 
feet deep, it can be leapt into w4thout danger, and the men can 
mount the scarp readily with a very little assistance from each 
other. When the width is not greater than twelve feet, the ditch 
may be crossed by laying thick plank, or small scantling, over 
it When the depth is over six feet, the storming party is usually 
provided, either with small scaling ladders for descending into, 
or with fascines, sand-bags, or other means, to fill the ditch partly 
up ; or if these means cannot be procured, the detachment dig 
away the counterscarp into steps, throwing the earth into the 
ditch, and thus, in a short time, form an easy entrance to it 
Wet ditches may be filled up either with sand-bags alone, or 
more expeditiously by attaching sand-bags to large fascines, or 
to trusses of hay or straw. 

The assault of the parapet is made by the aid of scaling lad- 
ders, or by eflfecting a breach, by firing loaded hollow projectiles 
into the scarp and parapet, which, by their explosion, crumble 
the earth down, so as to form an accessible ramp ; or else the 
foot of the scarp is undermined with the pick, and the mass of 
the parapet tumbled into the ditch. 

14L Defence. The essential point in the defence is to have 
every part of the works guarded by a sufficient number of troops 
to resist an attack on all sides. This is of importance not only 
in isolated Vorks, which can be surrounded, but also in continued 
lines ; for although the enemy will usually make an attempt to 
enter only at a few points, still the confusion and delay which 
might arise from changing the position of the troops, to meet the 
movements of the enemy, particularly in a night attack, would 
be extremely hazardous. 

A vigorous defence will require, at least, two ranks to be 
drawn up on the banquette throughout the entire extent of the 
line, with supports, and a reserve proportioned to the importance 
of the work. 

The strictest vigilance should be exerted to guard against a 
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i; for tills purpose sentries should be posted on all of the 
oommanding poiDta of the works; and on the exterior, at 
•acb pointa oa the enemy might approach unseen, as roads, forda, 
drfilcH, bridgea, etc. ; besides these, smalt detacbments of picked 
men Kliould be stationed to watch these accessible points, and all 
other places where the enemy might secrete himself) or approach 
Dnexpoiied to the Stc. of the works. Patroles should be sent 
ool U} watch the enemy's movements, and to have an eye on the 
manner in which the sentries perform their duties. The patroles 
are particularly charged with the duty of preventing the enemy 
from reconnoitring the approaches to the works; to do which 
(Abctually, without giving unnecessary alarms, they should be 
ordered to attack with the bayonet alone, unless surprised by an 
ftmboacadc 

At oigbt the number of sentries should be increased ; and 
redoubled vigilance be used, particularly after midnight. If 
there are well groundt'd apprehensions of an attack, Jirf-btUU 
amy be thrown out, or fires be lighted in front of the works, to 
diflCDVcr the approach of Uie enemy. Occasional fidse alarms 
should be made to keep the garrison on the alert ; but this arti- 
fice should not be Joo ofVn practised, otherwise it might produce 
I contrary effect ; besides, all uacIcbs fatigu&should be spared men 
who arc sulBciently hamssud by the ordinary duties of their 
stnation. 

In conducting the defence, each corps should have its particu- 
lar post assigned to it ; and receive special instructions relative 
to the part it will have to play. Too much attention cannot be 
bestowed, on the part of the commanding officer, in seeing that 
his tabordinatcs are thoroughly conveisani with the character 
of tbe defences, and of all the re9«>uroes that can be drawn from 
their poaition ; and that this knowledge be imparted by them 
to the non-oommi.<«ioned officers, and even to the moat intelligent 
Among the pHvati-it. The fate of a work may depend upon tbe 
good or bad conduct of one individual. The reserve is posted 
in tbe most convenient position to afford prompt assistance to 
any point in danger of being forced. The troops drawn up on 
tbe banquette should lie canU'ulty instructed in their duties ; and 
tbey should be taught not to look for aid, or ivlief, from the 
reserve, until they have repulseti the enemy. 

If the enemy opens his atuick by a warm cannonade, the 
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troops should not be exposed to it, if they can be sheltered near 
the posts they are to occupy when his columns of attack 
approach, at which time his cannonade must cease, in order not 
to injure his own troops. The men should be instructed to 
reserve their fire until the enemy has arrived at certain points 
marked out in front of the works, which should not be farther 
than two hundred yards from the parapet for smooth bores. 

142. Sorties. These, if well timed, will generally decide the 
fate of the aflFair. They should be made when the assaulting 
column is thrown into confusion, or shows any signs of irresolu- 
tion in its movements ; or when its flank, or rear, is carelessly 
exposed. They are sometimes made to alarm the enemy for his 
own safety ; or to make a diversion in favor of expected succors 
in blockaded posts. 

Cavalry is the best arm for a sortie, on account of the rapidity 
of its movements, and the violence of its shock. When infantry 
is employed for this purpose, it should use the bayonet alone. 

Should the enemy succeed in forcing his way into the work, 
the reserve should attack with the bayonet, before he has time 
to form ; but it must be confessed that success oftener crowns an 
offensive movement, on the part of the assailqd, in endeavoring 
to regain possession of their works, than any effort to drive back 
the enemy at the moment, when flushed with success, he has the 
hope of a certain victory. The only well-grounded prospect 
that the assailed have of repelling the assault, when the enemy 
has gained the top of the scarp, is to meet him in an offensive 
attitude at the point of the bayonet on top of the parapet. 

The particular arrangements of the defence consist in defend- 
ing all obstacles, such as abattis, palisadings, etc., by a warm 
well-aimed fire ; as the particular object of these obfetacles is to 
keep the enemy exposed for a longer time to the fire. 

Large stones, heavy round logs, and loaded hollow projectiles, 
should be in readiness to be rolled over on the enemy whilst he 
is in the ditch endeavoring to mount the scarp. Large branches 
of trees prepared as for an abattis, with chevaux-de-frise, and 
other obstacles, should be at hand to obstruct the breach. 

Finally, in an isolated post, if the enemy, after having been 
repulsed, makes a show of blockading it, or of renewing his 
attack, and there is no prospect of succor arriving, the garrison 
should attempt an escape by night. 
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NOTE A. (Art. 81.) 
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Manner of determining the relations between the terre-plein of a 
Scniare Redoubt^ the development of its interior crestj and the size 
Of its garrison. 

Let A B c D (Fig. A) be the line of the interior crest ; a b c d 




that of the foot of the banquette slope ; F the .outlet through the 
parapet ; and E the interior traverse. 

Representing by x^ the number of yards in the side A B, the 
aide a b will be equal to x diminished by twice the distance 
between A b and a b, which distance may be taken on an average 
at nine yards ; the area of the square b c, or of the terre-plein, 
will then be represented by {x — 9)'. 

Let the following notation be adopted : — 

y, the number of the garrison. 

r, the reserve taken from the garrison. 

n, the number of ranks on the banquette for the defence. 

s, the area of the terre-plein occupied by a barbette in the 
salient 

$\ the area occupied on the terre-plein by the powder-maga- 

nne. 
$'\ the area occupied by the traverse, and the passage in its 



l^ the number of yards on the interior crest for a barbette in 
the salient. 

r, the width of the outlet F in yards. 

Now, as the area allowed for each man is one and a half 
aqoare yards, we shall obtain the following equation, to repre- 
seDt the relation between the terre-plein, the garrison, etc. 

(a>-9)« = 1,60 y-|-«-|- «'-!-«"; ... (1) 



18 termed the equation of the interior space. 
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As each man occupies one lineal yard along the interior crest, 
we obtain also, 

y—r 

4aj= +l+r; (2) 

n 

which is termed the equation of defence^ as it expresses the relation 
between the development of the interior crest, the remainder of 
the garrison after taking out the reserve, the number of ranks 
for the defence, and the length of the interior crest required for 
the cannon in barbette, and for the outlet. 

To show the application of the equations (1) and (2), let it be 
required to find the side of a redoubt, and the number of its 
garrison, which shall be defended by two ranks on the banquette, 
after taking out a reserve of one-third of the whole number, and 
have a barbette in each salient. 

By a calculation, easily made, it can be shown, that each bar 
bette will occupy about seventy-five square yards of the terre- 
plein ; a powder magazine for four guns, twenty square yards ; a 
traverse of earth, with the passage between it and the foot of the 
banquette, about 180 yards ; or, if of timber, about fifty square 
yards ; the portion of the interior crest for each barbette will be 
nearlv eighteen lineal yards ; and that for the passage about four 
lineal yards. 

Taking Eq. (2), and making the substitutions required by the 
conditions of the Prob, we obtain, 

4a;= + 4 + 72. 

2 
and from it, 

y=12a; — 228. 

Substituting this value of y in Eq. (1), and placing for 5, «', 
«", their values, we have 

(a>—9)" = 18 05—342 + 300+20+180; 

(a;— 9)'= 18 »+ 158; 
from which, by solving the equation, 

«= 38 yards; 

consequently y — 228 men ; 
and r — 76 men. 



or, 
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NOTE B. (Abt. 58.) 



128 



The Prqfik of the parapet^ the diviensionsi of which are uniform ai 
all points of the work^ being given^ to find the corresponding Pro- 
file of a dUch which shall Jumish the embankment 




Let the following notation be adopted, Fig. B. 
V, Volume of the eTnba,nkment 
S, Surface of its profile. 

Ij Line described oy the centre of gravity of S in generating 
the embankment. 

V, S', and /', corresponding values of the ditch. • 

Now, from the centro-baryc principle, we have 

V— S/; . . (1), andV— S'/'; . . (2). 

But, as earth, when freshly thrown up, but not rammed, ocoa- 
pies a greater volume than in its natural state, if this increase be 
represented by the fraction A^ we shall have to represent this 
condition "* 

V=V'+1V'; (3) 

and eliminating Y and V, by means of these three equations, 
there results 



s'=s I (^i) - • • W 




or the value of the surtaoe of the profile of the ditch in known 
quantities. 

Representing now by 

j\ the width of the ditch ^ A D ; 

y, its depth ^ A E ; 

a, the angle of the natural slope of the earth with the ground 
— A H E ; 

We obtain 

A n=y Coi. a; 

and for the bases of the slopes of the scarp and counterscarp, 

E B= } A H= } y (7al. a / and C 0= I A H= i y Coi. a. 
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we then obtain for the area of the trapezoid A B C D, which is 

S', hv subtracting the surdices of the triangles A E B, and 
C G f), from the rectangle A G, 

S'=jr y— ^} y* O^. «+¥ / Coi. a) ; 
or, S'=ar y— ti ^ Cot. a ; (5) 



an equation from which either x or y may be obtained, by assum- 
ing either the width or the depth. But as x has certain limits, 
from the nature of the Prob^ we will solve Eq. (5) with respect 
to y, and will obtain. 



y-»f Tan. a (a? — |/ j^ — J *' Cot. a,) .... (6) 



We observe here, in the first place, that the radical expression 
admits only the minus sign before it, because x and y are decreas- 
ing functions of each other : that x* cannot be less than J S' CoC 
a, otherwise the expression will become imaginary ; and when it 
is equal to it, the profile of the ditch becomes a triangle, so that 
the minima limits of x will be, 




V J S' Cot. a ; and jp= 12 feet ; (Art. 39.) 

and the maximum value will be found by multiplying the height 
of the interior crest by the denominator of the fraction which 
represents the superior slope, and subtracting from this result 
the horizontal distance between the interior crest and the crest 
of the scarp. (Art. 34.) 

Any quantity, therefore, which is greater than the minima 
limits, and less than the maximum, will satisfy the conditions 
of the Prob., if it gives for a result y between six and twelve 
feet (Art 39.) 

But should the value of y not fall between these limits, then 
we shall be obliged to change the form of S ; and consequently 
find a new value of S' ; making it greater or smaller, as the case 
may require. 

To show the manner of applying this formula to practice, let it 
be required to find the dimensions of the ditch of a square 
redoubt from the following data; the command of the interior 
crest is eight feet ; the thickness of the parapet nine feet ; the 
superior slope one-sixth ; the angle of the natural slope 45^ ; 
and the tread of the banquette four feet 

Taking, in the first place, £q. (4), 

a very simple calculation will show that -j will be very nearly 
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leprcscnted by the fraction }, for redoubts between twenty and 
forty yanls of a side, measured along the interior crest, V Tbeing 
the middle line of the top of a ditch, which is a mean between 

the least and greatest limits. The value of ^ is, in ordinary- 
earth, about I, and varies generally between | and j^, so that, by 
aobetituting these values in the Eq., we have 

and the value of S, calculated from the data, being 122 square 
feet^ we have 

S' >» 81, square feet nearly ; 
mibefituting this value of S' in Eq. (6), we obtain 



y — JKa;— V'a;'— 189); 

from which we see that x* ^ 189, gives x— 18 feet, therefore the 
quantity assumed for x must be greater than this ; if, then, we 
MBume X ^ 15 feet, and substitute it in this formula, we obtain 

y — 4 (15 —y/225'^iS9 ) ; 

or y — 4(15 — 6 — 7.7 feet; 

which satisfies the required conditions. 

It may be added, that with this width of ditch, the line of fire 
pa.«es 2.6 feot above the counterscarp crest. 

In the foregoing calculations, no allowance has been made for 
the volumes of the barlx^ttcs; and the traverse when of earth. 
To make this allowance, E([s. (8) and (4) will have to undergo a A 
suitable modi ficjit ion, as follows: 

The cubic contents of each barbette, in a salient, is nearly 140 
yards ; and that of the traverse alx)ut .70 yards. If, then, the 
total cubic contents of all the barbettes, and the traverse, be 
represented by V", a given quantity, Eq. (8) will become • 

V-f V" — V'+IV ... (X); 
and 

s/-f V"— s'r + ;iS'r, . .. (Y) 

Now, as V" is a given quantity, it can be represented by S" i, in 
which S" is found by dividing V" by I; making this substitu- 
tion in Eq. (Y), we obtain 

S' _ (S + S")i-(jj^j) . . . . (Z) 
toe the modified value of S' Eq. (4), to suit this case. The ope- 
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rations for finding x ^d y, Eq. (6) are the same as already 
shown. 

The calculations here given suppose the plane of site sensibly 
horizontal, and the interior crest parallel to it; when this is not 
so, as, for example, in a defiladed work, the volumes of the para- 
pet and ditch will have to be calculated for each face separately. 

The method of doing this, where the site is very irregular, 
consists in making an unequal number of parallel profiles, on 
each face, at equal distances from each other, and nnding the 
area of each profile, and then using the following notation and 
formula, 

w+1 
let s', s", s'", s*^, s , represent the areas of the suc- 
cessive profiles, their entire number being n-f 1; 
l^ the distance between the profiles ; 
V, the volume between the extreme profiles ; then 

7 n n-t-1 

V— 4<«'+^«"-I"2 8'" + 4 8»^ + 2b^ . . • 4b + 8 ). 

In other cases, where the site is not very irregular, a mean 

profile may be found, and the Eq. (Z) be used. 

It is usually best, since the dimensions of the ditch cannot be 
uniform throughout, to adopt a uniform depth, and to vary the 
width as circumstances may require. 



• 
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MILITARY MINES. 



CHAPTER I. 



NOMENCLATURE, EXPERIMENTS, AND THEORY OF THE EXPLO- 
SION OF MINES. 

Military Mining consists in the underground operations by 
which both the assailed and the assailant, in a protracted defence 
of a work, gain positions where, by exploding large charges of 
powder, they are enabled to destroy each other's works, and thus 
retard or advance their respective objects. This method of reci- 
procal attack and defence is equally applicable to both tempo- 
rary and permanent fortifications: the means employed in the 
former being of a perishable and temporary character, and re- 
sorted to only when a favorable occasion arises ; whilst in the 
latter permanent dispositions, for the most part, are made long 
before they may be wanted, and materials are employed of great 
darability. 

L Mine. The term mine is applied both to the underground 
excavations charged with powder for the purpose of producing 
an external explosion, and to the communications which lead to 
these excavations. 

The excavation in which the charge of powder is lodged is 
termed the chamber. The pit formed by the explosion is 
termed the crater, 

JL Crater. The form of the crater in ordinary soils has not 
been accurately ascertaine<l. The only use of the exact deter- 
mination of this form would be to calculate precisely the quan- 
tity of earth thrown from the crater, and by that means to pro- 
portion the charge to the efiect to be produced. Different figures 
have been assigned by engineers to the solids constituting the 
erater ; some assuming it to be a cone, the centre of the powder 
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being taken as the vertex ; others, a paraboloid, the centre of the 
powder being the focus, etc. To afford a uniform and simple 
rule for calculating the volume of the crater, the solid (Fig. 1) 




Fig. 1. BeoUon of Crat«r. 

"will be assumed as a truncated cone, the radius o D, of the lower 
circle, being also assumed at one-half the radius P B, of the upper 
circle. The radius P B, of the upper circle, is termed the craier 
radius. The line o P, drawn from the centre of the powder 
perpendicular to the surface where the explosion takes place, the 
line of hast resistance. The line o B, drawn from the same 
centre to any point in the circumference of the upper circle, the 
radius of explosion, 

3. Cominon Mines, etc. The term common mine is ap- 
plied to a crater when its radius is equal to the line of least re- 
sistance. When the crater radius is greater than the line of least 
resistance, the terms overcharged mine, and globe of compression 
are used. When the crater radius is less than the line of least 
resistance, the mine is termed uruJlercharged. A small mine 
with a line of least resistance not greater than 9 feet, formed by 
sinking a shaft from the surface of the ground, and placing the 
charge at the bottom of it, is termed a fougasse. The term 
camouflei is applied to small mines used to suffocate the enemy's 
miners without producing an external explosion. 

4. Galleries. The underground communications required for 
the service of mines are termed galleries. The galleries are 
either arched communications of masonry for permanent ibrtifi- 
cations, or else a frame-work and sheeting of timber. A gallery 
immediately behind the counterscarp wall, is termed a counter- 
scarp or magistral gallery. An enveloping gallery is one paral- 
lel to the cx)unterscarp gallery, and at some 80 or 40 yards in 
advance of it. The galleries leading outwards from the counter- 
scarp gallery are termed listening galleries. The galleries which 
connect several listening galleries are tenned transversal or cross 
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galleries. Galleries receive also particular names from their 
size, as 



The great or grand gallei 
Common galleries, 
Half galleries, 
Branches, 
Small branches, . 



es, which are 6 ft. high and 6 ft. wide. 
. 6 " 3 " 

. 4} " 8 " 

. 3t " 2i " 

. 2i '* 2 " 

5. Experiments. But little advance by experiment has 
been made in the subject of mines, owing to the time, labor, and 
expense which a prosecution of the subject demands ; and the 
practice has therefore undergone but slight changes since the 
earliest introduction of this means of attack and defence. The 
following facts, drawn from observation, comprise almost all that 
18 at present known on the subject 

1. In solid rock, an explosion causes the rock tb split in 
various directions, and if the charge is heavy will break it into 
small fragmehts, which are frequently thrown to a great dis- 
tance. 

2. In sand, the gases seem to penetrate between the grains, 
producing a crater of a regular form, the radius of the upper 
circle of which is generally small in comparison with the depth. 

8. In ordinary tenacious soils, the first effect of the explosion 
18 to produce a rumbling noise and a sensible trembling of the 
earth around the mine to a considerable distance ; the ground 
directly over the mine is next observed to rise in the form of a 
Bpherical segment, which increases perceptibly until the smoke 
commences to issue forth around its base ; the explosion out- 
wards follows immediately on this last phase, the earth mingled 
with smoke and flame being thrown upwards and outwards, so 
as to assume a form something like a water-spout ; part of the 
earth falling back into the crater and a part without, forming a 
ridge around its mouth. 

The two most remarkable features of the explosion are its 
internal and external effects; the firat pro<lucing the crater, the 
second so disturbing the earth for a considerable distance around 
the crater as to fill up cavities, destroy empty galleries, etc, 
within the sphere of its action ; these effects extending farther 
in a lateral than in a downward direction. 

The chai;ges and their effects do not follow a direct ratio, the 
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last increasing less rapidly than the first. Experiment has shown 
that the charges may even be increased one or two pounds per 
^ 4 cubic yards without increasing the crater radius ; the only effect 
of this increase of charge being to throw more of the earth clear 
of the crater. 

From experiments made on common mines with a line of 
least resistance not exceeding 15 feet, it has been ascertained 
that the tenacity of the earth is completely destroyed around the 
crater, to a distance equal to the line of least resistance, and that 
empty galkries are broken i^n at a distance of one and a half the 
same line. 

In homogeneous soils the resistance due to the tenacity of the 
soil is nearly proportional to the massw 

It was for a long time supposed by miners that a crater could 
not be formed with a radius greater than twice the line of least 
resistance with any charge ; but the experiments of Belidor have 
shown that, by successive augmentations of the charge, the crater 
radius may be increased to six times this line, but not much 
beyond ; that within this limit the ratio of the diameters of the 
craters is nearly that of the square root of the charges ; and that 
galleries can be destroyed by such mines at distances of four 
times their line of least resistance. 

6. Theory. The physico-mathematical theory of mines is 
still very imperfect, owing to the impracticability of ascertain* 
ing the exact effects of the explosion of powder in- a medium 
which is seldom homogeneous, and the resistance of which, 
arising from its tenacity, compressibility, etc^ to the expansion 
of the gases, can only be arrived at by a wide range of experi- 
ments made with minute care. 

From the want of these elementary data, the formulae at pre- 
sent in use, to determine the charges for different media, are 
necessarily empirical, and their results are to be relied on only 
within the limits in which they coincide with experiments. For 
most cases in practice, these approximations are near enough, 
and valuable as the only guides that the miner has to refer to. 

The resisUinces which the gases overcome are the weight of the 
volume of earth thrown from the crater, the tenacity of the 
medium, and the atmospheric pressure on the upper circle of the 
crater. The two first are proportional to the . mass of earth 
tlirown out, and the last to the upper surface of the crater. To 
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express the ratio of these resistances to the charges, represent in 
any two mines by, 

c, c' the charges, 

r, t' the radii of the craters, 
If r the lines of least resistance, 

d, d' the weight of the unit of volume of the two soils, 

n, n' the constants, which multiplied into the weights will ex- 
press the resistance due to the tenacities. 

h, h' the heights of the atmospheric columns reduced to the 
densities as the soils. 

Then whatever may be the form of the crater, its volume can 
be expressed in terms of the surface of the upper circle and some 
fractional part of the line of least resistance ; so that if this frac- 
tional part of the line of least resistance, in the two cases, be repre- 
sented by i 1 and ^, V the contents of the two volumes will 
be expressed respectively by 

1 r 

^r'x— , and^r'^x^; 
their respective weights, 

7t-^xd,and Tri^xd'; 
m m 

the resistances due to the tenacities by, 

n^ Xn, and 7t-— ~ xn'; 

m m 

and the weights corresponding to the atmospheric pressures, by, 

n r'hd, and 7t r'^h'd'. 

From these expressions, as the charges are supposed to be pro- 
portional to the resistances, there obtains, 

c : c' :: !^[(n+l)l-f mh] :^'[(n'+l)r+mTi']. 

But for the same soil, as m=m', n=n', d=:d', and h=h', tills 
proportion becomes 

c : 0' :: r'G +^-^h) : r- O'+^h') ... (A) 

The relation between any two charges of mines in the same 
soil, expressed by this proportion, gives the means of obtaining 
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the charge for any crater when, by experiment, the crater 
formed by any known charge has been found, provided the 
quantities n and h are also known. Of the first nothing definite 
is known but that it varies with the kind of soil. The second 
has been assumed equal to 11 feet. This want of definiteness iji 
the value of these quantities has led to omitting them in the 
proportion, when used for practical purposes ; in which case it 
takes the following form : 

c : c' :: lr« : IV^ . . . (B). 

This is termed the Miner^s Eule^ as it is used for calculating 
tables of charges for different soils ; and its results do not differ 
materially from those of experiments. 

Making 1=1' the proportion becomes 

c : c' :: r* : r'*, . . . (C) 

a proportion also differing but little from the results obtained 
within the ordinary limits of practice, when the lines of least 
resistance are the same for different charges. 

Assuming, as is the case in common mines, that the craters 
are similar solids, then 1 : 1' : : r : r' ; hence, 

c : c' :: P : V\ ... . (D) 

another form of the Miner's Kule ; and the one used in calcu- 
lating the tables of charges for similar mines. 

The manner in which this rule is applied to calculate charges 
of common mines is as follows : the quantity of powder q, in 
pounds, required to throw up one cubic, yard of any species of 
soil, is found by experiment. As the solid contents of a trun- 
cated cone, like Fig. 1, is equal to ^V, 1 being the line of least 
resistance, the volume of the crater, whose line of least resistance 
is one yard, will be represented by -y- x (1') or —• ; this volume 
multiplied by q will give the charge in pounds for this crater; 
but from the proportion c : o' : : 1* : 1'* there obtains, 

c : Y<1 -' 1" •• !•» ^^ <5=Yqr, (E) 

for the charge for a crater whose line of least resistance is 1. 
To find the dkarge, therefore^ for a given line of least resistance^ cube 
this line, expressed in yards ; take ^ of the result and multiply it 
by the number of pounds required to throw out a cubic yard of the 
soUifi question. 
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The following table gives the values of q : 

Light sandj earth • . • • 1 lb. 18 oz. 

Hard sand 2 " 00 " 

Common earth 1 " 10 " 

Wet sand 2 " 2 " 

Earth mixed with pebbles . . 2 " 8 " 

Clay mixed with loam . . . 2 " 8 " 

Rock 8 " 10 " 

As the Miner's Rule is applicable only to common mines, 
resort must be had to some other to find the charges for over- 
charged and undercharged mines. The formula in most general 
use for these cases are those of Lebrun, a French engineer, which, 
although not based on any satisfactory hypothesis, nevertheless 
coincide nearly in their results with those obtained by experi- 
ments made within ordinary limits. The hypothesis assumed to 
obtain these formulae is as follows : Suppose two craters, formed 
by two different charges c and c', with the same line of least 
TCBistance ; one giving a crater radius r, obtained from calculation, 
equal to the line of least resistance, the other a crater radius R, 
greater than it, the diflference of the two radii being R — r ; next 
suppose the charge o' to belong to a common mine of which the 
crater radius, also obtained from calculation, is r' ; r' — r, being 
the difference of the radii of two craters of the common mines 
of which the charges are c and c' ; then it is assumed that the 
ratio of the two differences here expressed, arising from the same 
increase, c', of the charge c, will be constant under all circum- 
flCances of variation of soil, and of the lines ojT least resistance. 
Calling K this constant ratio, there obtains from the hypothesis, 



= K; 



now assuming R— ^nr, n being greater than unity, this formula 
becomes 

r — r ^ 



or, 



r' 1 
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but as r' and r belong to similar craters, the Miner's Rule gives 

c r* 

-7- = — i ; from this there obtains, 
c r ' 

<5'=c[^(n— 1)-Mp. . . . (G) 

The quantity K which enters into this expression is ascertained 
by experiment, as indicated by the process followed in obtaining 
the formula. From a comparison of a number of experiments 
the value of K gives 

c'=c(0.91n+0.09)\ . . . (H) 

The preceding method is also applied to find a formula for the 
charges of undercharged mines. In this case, R and r' being 
supposed less than r, and n, therefore, less than unity, then 

— — ,=K, and hence formula (G) becomes, c' = c [ — Ij^ (1— n)]*. 

The constant K in this case, is determined from a deduction 
made from a result of experiment ; which is, that if a certaim 
charge of powder forms a common crater with a line of least 
resistance, 1, then the same charge will not produce any external 
efiect when the line of least resistance is increased to If 1, or J 1 ; 
and, conversely, if a charge produces no external eflfect with a 
line of least resistance, 1, the same charge will form the crater of 
a common mine under a line of least resistance 4 1. If, then, the 
charge c', by supposition, does not produce any external eflfect 
under the line of least resistance, 1, it will produce a common 
mine under a line of least resistance 1 1 ; from this, by the 
Miner's Rule, there obtains 

c' : c : : (4l)« : 1', 
or, 

c' = c(4r. 

Now substituting this value of c' in Eq. (G), n corresponding to 

1 3 

this value of c' becoming zero, there obtains =- = — , which re- 
sult substituted in the same Eq. (G) it then becomes 

c' = c [1—^ (l-n)]« ; hence c' = c (— ^— )', ... (I) 
which is the formula for undercharged mines. 
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CHAPTER II. 

PRACTICAL DETAILS AND OPERATIONS. 

7. Wooden Galleries. Temporary galleries are made of 
frame-work covered in bj plank, and are prepared but a short 
period before they are required for use. 

The frames of temporary galleries consist of four pieces: two 
uprights termed stanchions, and two horizontal pieces ; the one at 
top termed a cap sill, and the bottom piece a ground silL The 
parts of the frame are connected as shown on (Fig. 2). 
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Fig. 1 GiJIerj Fnun«. A, A' 8Uii«hloni« C Cap, B, B' OrtmBd SIIL 

The plank or boards which cover in the frames are termed 
sheeting. The top sheeting of the frames usually consists of 
boards from 8 il. 6 in. to 4 ft. in length, from 7 to 12 in. in width, 
and from 1 to 1} in. thick. The side sheeting may have the 
same length and breadth, but need not be thicker than from } to 
1 inch. To set the frames up and retain them in their places, 
slips of plank termed battens are used, which are about 2^ in. 
wide and 1 in. thick. 

The frames may be either of well seasoned oak or pine ; the 
latter is preferable, as lightest The parts of each frame receive 
the dimensions in the annexed table. 
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OALLBBXK8. 



Great gftlleiy . . 
Ck>mmon galleiy 

nalfgftUery 

Bnnohes 

StDAlI branches. 



OBOVKD 8ILLB. 


. STANOHXOHI. 


CAP BILLS. 


e X4K 


6x6 


7x6 


6x4 


6 X ft 


6 X 5 


4X X 9H 


4X ^4H 


6 x4K 


8>tf x8 


8X X 8X 


4X X 8V 


8 X 8 


8x8 


4 x 8 



8. Wooden Shafts. A shaft is a vertical pit made in the* 
earth and lined with sheeting to keep the spil from caving in, 
frames being placed horizontally and at suitable intervals apart 
to sustain the pressure on the sheeting. 

' The cross sections of shafts are either square or rectangular; 
the dimensions of the sides of the section depending on the object 
of the shaft. When the object is to drive a gallery from the 
bottom of the shaft, the dimensions of the shaft frames, in the 
clear, must be at least equal to that of the gallery, measured from 
out to out of its sheeting. A shaft sunk for establishing a mine- 
chamber simply, should usually be of the least dimensions; 
which, to allow the miner to work with facility, are at least 3 ft 
bv 2 ft. in the clear. 

Two kinds of frames are usually requisite in sinking shafts, a 
Top Frame (Fig. 8), formed of four pieces, halved to fit each 
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Fig. 8w Top Shaft Frune. A, Plan ; B Upper, Under Fleeei 



other, which, when put together, have the same dimensions in 
the clear as the shaft ; each piece projecting beyond the sides, or 
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having an over latglh of 1^ to 2 ft., and a Side Ihime (Fig. 4), 
wbicb also coDaists of ibur pieces of amaUer scantling tlian the 
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top frame, halved at the ends to fit; its dimensions from out to 
out being the same aa of the top frame in the clear. 

In very loose soil it may be nccessory to use a temporary 
fiame (Fig, 5), termed an Awdliary Frame. This is somewhat 
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larger in the clear than the ordinary shaft frame, and is used 
only tor a temporary purpose in setting the ordinary frame. 

The o[>posite pieces of each frame are marked with a saw-cut, 
termc-d a score, at their middle, on the upper side. The scores 
•erve to fix the position which the frame should occupy when 
Uid. 

The pcantling for top frames is usually 6 in. square ; that of 
Mde and auxiliary frames 4^ in. for a shaA over 4^ ft. in the 
clear. For smaller shafts the scantling may be of smaller dJmea* 
•ions. 
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9. Shaft Intervals. Tlie term Interval, both in sbafls and 
galleries, expresses tbe distance between two adjacent frames 
added to tbe thickness of the scantling of one frame, and mea< 
sured in the direction of the axis of the abaft, etc. With scant- 
ling and sbeeting of tbe usual dimensions, the interval should 
not be greater tban 3^ ft. 

Prob. P'ig. 6. T/ie depth of a shaft, and the height of a gaUery 
to lead from tJie bottom of the shaft, being given, to estimate the shafi 
interval. 
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Fig. ft. Tirttnal Bestloii of Shift ihoiiliic the Frunai ind <]ill«]r A II boUom it Shift. 

To do this, take the height of tbe gallery frame, estimating &om 
tbe top of its ground sill to tbe top of tbe cap sill ; the tbickness 
of tbe top sbeeting ; and tbe thickness of tbe shaft frame ; two 
inches for free apace between tbe gallery frame and tbe shaft 
frame next above it, to introduce the top sheeting, and add them 
into one sum ; subtract this sum from the total depth of tbe 
shaft, and divide tbe remainder into any convenient number of 
equal or unequal intervals, each not greater than i\ feet, for the 
shaft interval required. 
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Example. Let the depth of the shad, for example, be 22 ft, 
and the height of the gallery 4 ft. 6 in. Then : 

From ground sill to exterior of top sill 4 ft 11 in. 

Top sheeting " 1 " 

Shaft frame " 4i " 

Free space " 2 " 
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Total . . . 5 " 6i 

This taken from 22 ft. leaves 16 ft. 5^ in., which can be divided 
into four intervals of 3 ft. 4 in. each, leaving one interval of 3 ft. 
H in. which may be placed either at top or bottom, but better in 
the latter position. 

10. Construotion of Shafts. To construct the foregoing 
shaft in a loose soil, there will be required a top frame ; five side 
frames for the intervals above estimated ; two for the remaining 
lower portion of tl^e shaft ; one auxiliary frame ; four battens for 
each interval, each of the length of the interval added to the 
thickness of the shaft frame ; from twelve to twenty square pick- 
ets about 18 inches long; with the machinery and mining tools 
requisite for the operation. 

The work is laid out by first driving a picket to mark the axis 
of the shaft, and two others which, with the first, should be in the 
vertical plane containing the axis of the gallery. A level bed is 
then made for the top frame ; the pieces of which are accurately 
laid and confined by pickets, one at the end of each piece; care 
being taken to drive the two pickets of each piece at the same 
time, so that their true position may be kept. Other pickets 
may be driven temporarily on the outside of the frame, at the 
angular points. After the frame is laid, the accuracy of its posi- 
tion is tested by seeing whether the distances from the centre of 
the central picket to the interior angular points, or, in other 
words, the semi-diagonals of the figure, are equal ; if they are, the 
position is correct. 

The excavation is next commenced, and, if the crumbling of 
the 8<»il does not interfere, may be carried as far as the position 
of the first frame below the top frame ; the sheeting boards, 
inserted between the sides of the excavation and the exterior of 
the top frame, being gradually advanced with the excavation. 
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Having reached its place, the first side frame is hung by four 
battens, two being nailed to each piece of the opposite sides of 
the top frame, and to the two corresponding pieces of the side 
frame, the halvings of which are turned upwards ; afker these 
pieces are adjusted by their scores, and firmly fixed by the bat- 
tens, the other pieces are laid on them, with the halvings down, 
and secured by nails. 

This frame being fixed, the ends of the sheeting of the next 
interval may be inserted between it and the sheeting of the first 
interval, and the excavation continued. The soil now becoming 
troublesome by its crumbling, measures must be taken to retain 
it firmly until the second frame is laid. For this purpose the 
auxiliary frame (Fig. 5) is introduced, and hung midway in the 
interval, as the ordinary frames. The sheeting which, thus far, 
has been gradually advanced with the excavation, is also inclined 
outwards at bottom, to gain room for the auxiliary frame, by 
wedges inserted between the boards of the two intervals. After 
the auxiliary frame is fixed, the excavation and sheeting are car- 
ried on to the end of the interval, the next frame is hung, and 
the sheeting for the new interval introduced. The auxiliary 
frame is now removed and placed in the next position it is to 
occupy, when reached by the excavation. The work proceeds 
in this order until the shaft is completed ; then a picket is driven 
in the bottom to make the central point. 

Remark. A sketeh, made to a suitable scale, should be in 
hand for immediate reference in conducting such works. This is 
more particularly necessary for gallery work, the sketohes for 
which should be very accurately drawn, referenced, and num* 
bered ; as they serve not only fcr reference to guide the miner, 
but to determine positions and dimensions of some of the im* 
portant portions. 

IL Combinations of Wooden Galleries. A gallery which 
leads from another is termed a Return Gallery; and is called 
either an Oblique or Rectangular Return^ acooiding to whether 
the projections of the axes of the two galleries make a right or 
an acute angle with each other. The gallery from which the 
return is made is termed the Oalkry of Departure. When the 
floor of the return rises or falls from that of the departure, the 
return gallery is termed Ascending or Descending, 

12. Working Plans. To make a working sketeh of a oom- 
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bination of galleries, the projections of the axes are first laid out ; 
their pointfi of intereectioii marked ; and the distances and refur- 
ence between all the points written. The half width of cauh 
gallery in the clear being next set off on each side of its axid, 
lines are drawn parallel to it, then parallel and exterior to these, 
at the thickness of the gallery frame from them, two others; and 
fiaally, two more to make the exterior line of the sheeting. 

In Figs. 7, 8, fl, the line C D is the axis of the gallery of 
departure, and A U that of the return. The line a b is the inte- 
rior line of the gallery frames; en the cxteriorlineof thesame; 
E r that of the sheeting. The corresponding lines for the remnin- 
iog half of the gidlery of departure, and those of the return, will 
be readily recogniserl. The frames M and a' l>6und the entrances 
or Landings to the returns. 

Fig. 7 is a sketch of a working plan for a right or rectangular 
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return. Tlic frames M, M' of llie landing, in the gallery of depar- 
ture, are fw> far ajwirl that, were the return gallery all of one piece, 
it coold be sboTcd in or out between them. The nme idea regu- 
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ktes the relative positions of the landing frames of the gallery of 
departure, and the return gallery in all other cases. 

In oblique returns (Fig. 8), where the angle between the axes 
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of the two g-iUeries is 45° or greater, the return is run directly 
from the main gallery. The first frame of the return being an 
oblique one, having its stanchions and sills cut with a suitable 
obliquity, so that, when the frame is placed alongside of the 
main giillery, the outside of its stanchions will lie parallel to the 
axis of the return. The position of the landing frames m, m' is 
80 determined that one of the exterior lines of the sheeting of the 
return will intersect the exterior edge of the stanchion of M at 0, 
and the other the interior edge of m' at o'. 

When the angle between the axes is less than 45" (Fig, 9), it 
would give too wide a landing iu the gallery of departure to run 
the return directly from it A short rectangular return must 
first be made to serve as a landing to the oblique Fetnm. To 
determine the position of the rectangular return, so that it 
shall be the shortest practicable, set off the lines of the gal- 
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lery of departure and of tlie oblique return in the usual 
manner, draw a line B s parallel to the axis C D, and at the 
thickness of the gallerjr frame of the rectangular return from the 
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exterior line of the sheeting; the point o, where this line cuts 
the extorior line of tlic sheeting of the oblique return, will he th<! 
position of th* interior edge of the stanchion of the gallery frame 
C, of the rectangular return; having next drawn thelinca of this 
return, the position of the other frame, v, will be at the i)oint o', 
where the outside Hue of the stanchions of the rectangular cuts 
the outside line of the shfctiug of the obliqu*.- return. The land- 
ing frames, M and m', of the gallery of deiiarturc are placed just 
fitr enough apart to leave room for the insertion of the sheeting 
<rf the rocUngular return. 

When a slight change of direction is to be made in the gallery 
of departure (t"ig. 1*'), the angle C A B of the change of direc- 
ttoa is bisi-ctud by the lino A E, whicli is taken na the axis of a 
short return just large enough for the niincrs to work in to carry 
forward the new direction. Tlie figure explains itself. 

Remarks. — From an examination of the above cases, it will 
be seen that the object to be accomplished is so to place the two 
frames of the gallery of departure, which bound the entrance to 
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the return, that the stanchions of these frames shall aot be in the 
way of the miner, when pushing forward the side sheeting ; or, 
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in other -words, if the return were a box that could be pushed 
forward, like a drawer, in the direction of its axis, the stanchions 
in question should not binder this movement. 

Several other problems of a like character may present them- 
selves in returns, and in changes of direction in galleries, which it 
will be unnecessary to treat here, aathe illustratioas above given 
will readily suggest the methods to be adopted for their solution. 

Having set off all the lines on the working sketch, and marked 
the positions of the different frames, etc., at the junctions of the 
galleries, their forms, dimensions, and also their exact positions 
with respect to any fixed point can be accurately determined 
from the scale of the sketch, and be written upon it for reference 
in conducting the work. For example, in Fig. 8, the determi- 
nation of the points o and o', fixes the positions of the gallery 
fnimcs M and m'; and the form, position, and dimensions of the 
oblique frame Q of the return where the galleries Join. Having 
set off these parts, the point I — on the axis of the gallery of 
departure, equidistant fnfln the pointa Eand I of the framed — can 
be determined. This point I, with the point F, where the axis 
A B cuts the interior line of the stanchions, will give on the 
ground the direction of A B. 
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13. Landings. The portion of the floor of the gallery, 
between the frames that bound the entrance to a return, is 
termed a Landint/ ; as, for example, the spaces between the 
frames h, m', and u, v. The landing is in all cases horizontal, 
as well as that portion of an oblique return between the oblique 
fhune Q, and the one, x, next succeeding, which last should not 
be placed further than an ordinary interval from the furthest 
point of Q. 

14. Gallery Intervals. Having determined, by means of 
the working sketch, the landings and their frames, with respect 
to the points of intersection of the axis of the gallery of depar- 
ture with those of the returns, the intervals of this gallery can 
be calculated, and their positions marked out on the sketch. 
The manner of making this estimate will be best illustrated by 
the following example : 

Let A B zcll8 ft. (Fig. 11) be the total length of a gallery of 
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departure, estimated horizontally along its axis, from the central 
picket of the shaft from which the gallery starts. At the point 
C, 44 ft. from A, the axis of a rectangular return commences ; 
and at D, 44 ft. farther, that of an oblique one. The part A C of 
the gallery (Fig. 12) is to be a common great gallery ; the part 
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C D a common gallery ; and the part D B a great branch. With 
these data, it is requireil to determine the intervals for the dif- 
ferent portions of the gallery. 

To find the interval for the first portion, A C, subtract from 
the total distance, 44 ft., the following aggregate : 

Half the width of the shaft in the clear . 2 ft. 2 in. 

The thickness of the lowest shaft frame . *' 4i " 

Half the width of the landing at C . . 2 " Oi " ^ 
The thickness of a gallery frame at the 

landing *' 6 " 

6 *♦ ** 
10 
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which leaves 89 ft. to be divided into suitable intervals ; which 
may be done by making twelve of them, each 8 ft. 8 in. 

The intervals of the portion, C D, will be found as follows. 
From 44 ft. take the following sum : 

Half the width of the landing at C . . 2 ft. Oi in. 

Thickness of the landing frame . . " 5 *• 
The distance from D (as found from sketch) 

to the landing frame back . . . " 9 " 

Thickness of gallery frame at landing D . " 4^ " 

3 " 7 " 

which leaves 40 ft. 5 in. This can be divided into nine inter- 
vals, each 8 ft. 1 in. ; and four of 3 ft^ 2 in. each. 

To find the intervals for the part D B, from 80 ft. take the 
following aggregate : 

Distance from D to frame of landing be- 
yond it 4 It. 5 in. 

Thickness of landing frame beyond D . " 8} " 

Thickness of last frame at B . . . " 8^ " 
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This leaves 25 ft., which can be divided into six intervals of 
8 ft. 2 in. each, and two of 3 feet. 

15. Slope Block. In setting the ground sills of frames in 
ascending or descending galleries, a small cubical block of wood, 
termed a Slope-block^ is used, the height of which is equal to the 
difference of level between the ground sills of an interval. To 
determine the height for any portion of a gallery where the inter- 
vals are equal, or nearly so, the difference of level or of reference 
of the two extremities of this portion must be divided by the 
number of intervals. Thus, in the portion of the gallery from 
A to C, Fig. 11, there is an ascent of 5 ft;, or 60 in., and twelve 
intervals ; the edge of the slope-block will, therefore, be f | = 5 
in. In the portion from C to D, there is a fall of 4 ft;. 1 in. or 
49 in., and thirteen nearly equal intervals ; the edge of the slope- 
block will, therefore, be 8 ft. 7 in. nearly. 

16. Auxiliary Frame. In loose soils, besides the ordinary 
gallery frames, there is required, as for shafts in the same soils, 
an auxiliary gallery frame. This frame (Figs. 18 and 14) is 
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somewhat wider than the ordinary gallery frame, and somewhat 
shorter than iL Its cap sill is Touoded on top, and has two mor- 
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tiocs on its lower side, to receive the tenons with which the two 
stanchions are finish<»]. The mortices are a little longer thaa 
the tenons ; the latter being confined in tbem by wedges when 
the frame ia set up. To adjust the frame when set np, a pair of 
folding wedges is placed under each end of its ground sill. By 
these contrivances the framo con be readily set up or taken 
apart 

17. Construotlon of Oallerles- To explain the practical 
operations in driving a galleiy, let an example be taken where 
the soil is loose, and the floor of the gallery rises from the point 
of departure. In this case the first frame of the gallery 
(Fig. 15) must be set up within the shaft and against the shaft 
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frames, on the aide from which the gallery is to open. The 
ground sill of this frame being laid, the stanchions are secured 
to the intermediate shaft frames of the last interral by battens, 
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and the top sill fastened. A horizontal beam, c, is then secured 
to the under side of the top shaft fftme of the same interval, to 
preserve the proper slope for the top sheeting when inserted ; 
wedges being placed between this beam and the sheeting board 
for this purpose. A like arrangement for the side sheeting may 
be made if necessaiy. The excavation of the gallery is now 
commenced at top, by forcing down with a crow-bar the sheeting 
of the shaA, on the side of the gallery. The earth is removed 
gradually forwards and downwards, and the gallery sheeting 
advanced at the same rate. When the excavatioa has reached 
aa low as the intermediate shaft frame, the piece of it that sustains 
the lower portion of the sheeting is removed to allow the exca- 
vation to proceed. When in this way the earth is removed as 
far an the middle of the first interval, the auxiliary gallery frame, 
Fig. 14, is set up, to support the top and side sheeting until the 
second gallery frame is placed. To place this last frame, the 
position of the ground sill is first determiaed. Fig. 16, by placing 
the slope-block, O, on the ground sill first kid, and then, by a 
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common mason's level, A, upon the side of wbich the interval 
is marked, laid upon the slope-block, bringing the top of the 
ground sill on the same level as that of the slope-block. The 
sill being adjusted and firmly secured, the stanchions are next 
set up, and secured by battens to the stanchions of the first 
frame, and thfe cap-sill is secured in the last place. The adjust-' 
ments of the stanchions and cap-sills are mode by an ordinary 
plumb-line, by means of which the edges of the stanchions are 
placed vertically, and the scores on the cap and ground sills 
brought into the vertical plane of the axis of the gallery. 

The battens are placed horizontally. In a level gallery they 
are nailed alternately at 4 and 8 in., below the cap sill. In 
others (Fig. 16), they are nailed 4 in. below the lower of the cap 




fig. IC Y«rtleftl Section of Ui« AM«n<Ilnf Qallerj thniogh tb« axU, showing Uie 91i>p« Block 

O, and Level A. 

•ills of the two frames which they unite ; this will bring them to 
4 in., added to the height of the slope-block, below the other. 

The auxiliary frame is not taken down until wedges have been 
pLice<l bi»tweeu the sheeting and the frame last placet!, in order 
to introiluce the boards for the next interval ; and these last arc 
kept in the projxjr direction, as the excavation is advance^!, by 
wedges inserted between them and the sheeting of the interval 
finished. 

18. Branoh Galleries iivith Dutch Cases. — These galleries 
are of the same dimensions as small branches. The fnimes are 
made of thick plank, and are placeil in the branch galleries 
toaching each other, serving both as frames and sheeting. 
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Each case consists of four pieces ; the stanchions have a tenon 
at each end (Fig. 17), fitting into notches cut in the cap and 



ground sills to receive them. 
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Fig. 17. Eleyatlon A, and Side Pieces ▲ b, o d of frame of Duteh Case. 

When the gallery is an ascending or descending one, the ends 
of the stanchions may be cut obliquely, in order that their sides 
may always be vertical ; or the ordinary cases may be set so as 
to be perpendicular to the gallery floor. 

For the purpose of limiting the explosive effects of mines upon 
the branches leading to them, and at the same time enabling 
the miner, acting on the defence, to push forward and open a 
new branch towards the crater, a portion of a branch leading 
towards the mine is made of heavy frames of the foregoing con- 
struction. The timber recommended for the purpose (Fig. 18), 
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Fig. 18. Plan of Offensive Branch. A, Empty portion of the Branch; B, Portion fliled nUb 
Scantling ; C, Branch of cummon cases about 6 feet long, leading to Chamber. 

is oak and the pieces of each frame are 12 in. wide and 4 in. 
,thick. The portion of this strong frame work, at the extremity, 
is solidly filled in with pieces of 4 in. scantling, from 6 to 10 fit. 
in length. For a branch 28 in. high and 24 in. wide, seven hori- 
zontal layers will be required, each layer consisting of 6 pieces. 
The centre piece of each layer may have a rope handle at ita 
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end to allow of its being drawn out readily. Filled in tins way 
and having earth well packed between the pieces, branches of 
this description will not be damaged by the explosion of mines 
of from 6 to 10 ft. line of least resistance even when the mines 
are within 4^ to 6 ft. of the branch. From their chief object 
these branches are termed by the French rameaux de combat 

19. Shafts ft la Boule. — These shafts are lined with frames 
made of plank, as shown in (Fig. 19). 
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Fig. 19. PUn A, Under pfecea, ▲ b, and Top pUcM, CD, of Shaft Caaa. 

In (Fig. 20), a section of a shaft a la Boule is shown, which is 
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Bufliciently explanatory to render any other description unne* 
Pessary. 
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This kind of shaft can only be used with advantage in favor- 
able soil, on account of the diflSculty of introducing the frames 
sufficiently near each other : they are commonly placed one foot 
apart, as shown in the figure. Large gabions, 6 ft. long, and 
from 3 ft. 6 in. to 4 ft. in diameter, are sometimes used for lining 
shafts, near the surface, smaller gabions being introduced as the 
work is proceeded with. 

For the purposes of quickly establishing small camouflets and 
fougasses, a boring apparatus has been resorted to, the diameter 
of the boring tool being 4 in. This machine is worked like 
ordinary tools of this kind. The chamber is charged by inserting 
powder in cylindrical cartridges of somewhat less diameter than 
the shaft, which are well pressed forward. If a large charge is 
requisite the end of the shaft can be enlarged by a tool with a 
joint, which will admit the tool to be so adjusted as gradually to 
increase the excavation at the end. Excavations made in this 
way are termed artesian shafts, or branches. 

20. Mine Chambers. — ^The chamber of a mine is a cavity, 
formed to receive the charge of powder. 

When the chamber is made at the end of a gallery, the centre 
of the chamber is placed on a level with the floor of the gallery. 
It is usually better to place the chamber at the end of a small 
branch return on one side. When the charge is not to be 
exploded immediately, or the ground is much saturated with 
moisture, it should be placed in a well pitched wooden case, a 
good cask, or in a wooden case covered with tarpaulin, or any 
like expedient adopted that may be at hand; the best receptacle 
is a water-tight tin case. 

In dry ground, and when the charge is to be soon exploded, 
canvass bags will answer. 

If the case to contain the powder is cubical and not more than 
2 ft. on the edge, it may be introduced into the chamber ready 
made ; if of greater dimensions, it must be put together in the 
chamber, the pieces to form the sides being arranged like the 
cases of branches. 

An opening is made in the cover near the side about 4 in. 
square, for the introduction of the charge, and a similar one in 
the side near the centre to receive the hose through. 

52L Charges. — The edge of a cubical case to contain a given 
charge is calculated on the supposition that 58.5626 lbs. of pow- 
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der are equal in bulk to a cubic foot; and that 1000 cubic 
inches will therefore contain 33.89 lbs. From this, if P repre- 
sents the given number of pounds of powder, and X the side of 
the cube sought in inches ; then 

33.89 : (10*) :: P : X', 
X = 3.09 v^ P. 

That is, to obtain the edge of the cubical case in inches, extract 
the cube root of the given number of pounds of powder, and 
multiply it by 3.09, or 3yV» nearly. 

P>om the bursting of guns, where the wad has not been pressed 
down on the powder, it has been thought that in charging mines 
a like increase of effect would be produced, by leaving a certain 
free space around the case. Experiments on this point have not 
been sufficiently decisive to lead to the adoption of this in 
practice. 

22. Hose-Troughfi. — The hose-trough is a small wooden 
channel, in which is placed a linen bag termed the jjowder-hose^ 
filled with powder, to fire the charge. 

The bag should be of close texture and well sewed. 

These troughs are made H ^n. square in the clear. The four 
pieces of which they are composed, the sill, sides and top, or 
cover, are from i to i in. each in thickness. 

A trough should penetrate the powder case about 4 in., and 
should exactly fit the oj)ening left for it 

It is fastened to the floor of the branch by nails, through the 
sill, which enter small pickets driven to receive them. Some- 
times tlie sides of the trough are confined by pickets to prevent 
its being disturbed. 

The different lengths of the trough should be cut to fit 
exactly. Each portion of the trough should have its cover well 
fitte<l and secured with one peg only, in order that it may rea- 
dily be removed to introduce the powder-hose. 
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The trough is said to make an elbow when it changes its 
direction. The pieces forming an elbow (Figs. 20 bis) should be 
solidly yet simply connected. 

23. Proportioning Trains. — When several mines are to be 
fired at the same moment, it is necessary so to proportion the 
trains to explode them, that, starting from the same point, the 
distances in time from that point to the charges may be all equal. 
The following cases show the manner of obtaining this result. 

For two charges (Fig. 21), place a trough on the shortest line 
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Fig. 81. Plan of Train for Firing the Two Charges, ▲ ▲. 

from the one to the other, mark the centre of it, and let the prin- 
cipal trough join it in that point 

For three charges (Fig. 22), connect, as above, the two which 




Fig. SI Plan of Train for Firing Three Charges. 

are nearest Let a trough lead from the middle point of this to 
the third charge ; bisect the whole length of trough between this 
third charge and either of the others; then let the principal 
trough be joined to this last point 

For four charges (Fig. 23), first connect them two and two, 
then join the central points and proceed as above. 

The elbows of a trough impede the oommunication of the fire, 
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for which an allowance must be made when proportioning the 
trains, each elbow being valued at 8 in. ; thus if on one side of 
the point where the principal trough connects is one elbow more 
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than on the other, the principal trough should be placed 8 in. 
nearer to the charge on that side, which is done by placing it IJ 
in. from the central point towards that side. Square elbows 
impede somewhat more than oblique ones. 

Experience has shown that two trains may be placed within 
18 in. of one another if covered with earth, and exploded sepa- 
rately without interference. 

524. Tamping. — Mines are tamped either with earth and sods ; 
with earth and wood ; or with sand bags. 

To tamp a branch with sods and earth, the miner first fills the 
branch with sods for a length of 8 ft., commencing at the cham- 
ber. The sods are piled in regular layers, the precaution being 
taken to throw loose earth over each layer, to fill the voids 
between the sods. When this length is finished the miner fills 
in for an additional 3 ft. with earth, which should be well 
packed. Another length of sods is laid of 8 ft., and so alter- 
nately through the entire branch. 

To tamp with wood and earth, a stout shield of thick boards is 
first placed across the brancii and firmly buttressed against the 
chamber, the branch is then filled with well packed earth, resting 
against the shield, for a length of 8 feet ; billets of round or 
square timber are then packed across the branch for a length, 
likewise, of 8 ft. ; another length of earth of the same thickness 
is packed in against the wood, and so on for the entire length to 
be tamped; finally, at the end of the tamping another shield is 
set up and firmly buttressed. 

Sand-bags for tamping are of the ordinary dimensions. To 
tamp with them a shield is first placed against the chamber and 
well buttressed. The branch is then filled up with sand bags 
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been recommended, but are found not to answer. The rocket is 
then placed in the end of the trough, the quick-match with which 




Fig. 20. PUm A of Rocket-Trough, shotrlhg Elbuw Conncxioii C with Charge D. B, Seetion of 

Trough at the end. 

it is provided is h'ghted, and the rocket starts with very great 
velocity, penetrates tlie charge and fires it. 

When the rocket lias to pass elbows, or when it is desired to 
fire several mines at the same moment, a rocket is placed at each 
turn of the trough, with its quick-match secured round a nail : 
the first rocket arriving at the j)oint where the other is placed, 
fires it. In order the better to insure the first rocket firing the 
second, a quantity of powder (J ounce) should be scattered about 
the match of the latter, protected by a wedge-shaped slip of deal, 
nailed to the bottom of the trough ; the rocket meeting this 
passes over the powder, which its rapid motion would otherwise 
disperse. 

A rocket may be made to turn in a circular trough, when the 
radius of that part is not less than twice the length of the rocket. 
• In order to prevent the smoke of the charge penetrating the 
gallery through the trough, one or two small iron traps may be 
placed in the trough, which, being raised by the rocket, fall again 
.by their own weight, and cut off all communication between the 
gallery and the charge. 

A rocket 6 in. long will travel 100 yds. at least, and its velo- 
city is so great, that two rockets fired at the same moment, to 
run very different distances, leave no perceptible interval in the 
times of their arrival. This property of rockets renders it easy 
to proportion the trains of mines to be fired simultaneously, 
which with powder-hose requires great nicety. 

The ordinary rocket for this service contains 5 of an ounce of 
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To fire the train, place the box against the extremity of the 
tamping and secure it well ; tie a string to the slide and lead it 
along the stanchions of the gallery on pegs driven for that pur- 
pose ; put the end of the hose into the box through the hole left 




Fig. 2i. Plan A and Section B of Box Trai». C, Slide atUobed t«i Cord. 

f»>r it, and spread on the top of it some dry, fine powder ; then put 
in the slide and close with earth, or rags of sand-bags, all com- 
munication between the lower j^art of the box and the branch ; 
place a star*match of six or eight points, well lighted, on the 
slide ; replace the cover, then j)ull the string and the star will 
fall below and fire the mine. 

The two methoil.s above described have the inconvcniencxj of 
requiring a powder-hose, which, from its own explosion, poisons 
the gallerii^s. They have also, and more particularly the monk, 
the defect of not producing the explosion always at the instant 
desired. 

To avoid these inconvenienci»s a galvanic current has of hito 
been applied to fire mines, and with complete success. This 
inetho<l h:LS lK»en A)und particularly servicc»able in firing charges 
under water. 

26. Rocket. — A small rocket (Fig. 25), with a hemisj^lierical 
head of wckhI, has also Wen trie<l successfully. T«> use it, a 
wo<xhn trough with a smooth interior must be placed fiom the 
charge to the j)oint where the rocket is to start; tin tubi.« have 
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been recommended, but are found not to answer. The rocket is 
then placed in the end of the trough, the quick-match with which 
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Fig. 25. PUm A of Bocket-Trougb, shotrlhg Elbow Connexion C vith Charge D. B, Section of 

Trough at the end. 

it is provided is lighted, and the rocket starts with very great 
velocity, penetrates the charge and fires it. 

When the rocket lias to pass elbows, or when it is desired to 
fire several mines at the same moment, a rocket is placed at each 
turn of the trough, with its quick-match secured round a nail : 
the first rocket arriving at the point where the other is placed, 
fires it. In order the better to insure the first rocket firing the 
second, a quantity of powder (J ounce) should be scattered about 
the match of the latter, protected by a wedge-shaped slip of deal, 
nailed to the bottom of the trough ; the rocket meeting this 
passes over the powder, which its rapid motion would otherwise 
disperse. 

A rocket may be made to turn in a circular trough, when the 
radius of that part is not less than twice the length of the rocket. 
• In order to prevent the smoke of the charge penetrating the 
gallery through the trough, one or two small iron traps may be 
placed in the trough, which, being raised by the rocket, fall again 
.by their own weight, and cut off all communication between the 
gallery and the charge. 

A rocket 6 in. long will travel 100 yds. at least, and its velo- 
city is so great, that two rockets fired at the same moment, to 
run very difierent distances, leave no perceptible interval in the 
times of their arrival. This property of rockets renders it easy 
to proportion the trains of mines to be fired simultaneously, 
which with powder-hose requires great nicety. 

The ordinary rocket for this service contains 5 of an ounce of 
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^^onposition formed j of fine powder, { saltpetre, and J of 
cbAnroul dust. These ingredients should be very carefully 
tnix'-d, to make llje rocket barn uniformly. lis usual diameter 
is nearly J of an incli, and entire wciglit about IJ ounce. Bock- 
cla may be made much smaller when required. 

S7. Galvanic Battery, The great advatitageB offt-rcd by 
galvanic hntivHca for exploding mines at considerable distances 
from llie battery, either when isolated or combined in groups 
for simultaneous elibct?, have led to e^cperiinents which, from 
I certainty of the results", besides other obvious ad- 
r any of the other methods above given, will pro- 
' B general adoption of this apparatus for military 

Tb« method mostly adopted by the Continental engineers is 
tbo combination of Buttsen'* battery with Ruhmkorfs apparatus 
for in ttrnsi Tying the eurnut of induction. A copper conducting 
wire, which is insulated by one or two cojita of gulta-percha, 
connects the chargt-s with the galvanic apparatua Tlic charge 
is exploded by passing a spark through a very small portion of 
Ailrainaie of mercury inserted between the ends of two copper 
irires, which are enclosed within a short tube of guita-|>erchn, 
Ooued within with sulphurvt of copper. The wires arc bent 
near the cml of the tube and twisted around each other. A little 
meal powder is thrown around the fulminate and the tube, which, 
with the tnbe and the bent part of tbo wire, is tightly closed in a 
Knall gutta-percha bag, to keep out moisture. To tire a single 
ntRC, one end of the twist is soldered to the conducting wire und 
the other inserted into the ejirth to complete the circle. For 
■everal niinw, to be cxphxled at the same time, conducting wires 
connect the mines, and the ends of the twist arc soldered one to 
each conductor, except the end one, which has one of its ends 
ioserled into the earth. By this combination the series will be 
exploded without any sensible difference uf time between the 
It and furthest mine. 
^ Blasts. BhiKt^ are small chambers or holes made lo rock 
mry, charged with powder. The fonning of bbx^hole3 

■ the use of -particular tools, called borers, jumpera, acrap- 

\ in, nfedln, and ktmpiiig-bara. 

To form Uie blast-hole, two or three men are required ; one 
Iwlds ibc borer with both hands, while the head of it ia struck 
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been recommended, but are found not to answer. The rocket is 
then placed in the end of the trough, the quick-match with which 
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Fig. 25. PUm A of Rocket-Trough, Bhotring Elbuw Connexion C vFifh Charge D. B, Section of 

Trongh at the end. 

it is provided is lighted, and the rocket starts with very great 
velocity, penetrates the charge and fires it. 

AVhen the rocket lias to pass elbows, or when it is desired to 
fire several mines at the same moment, a rocket is placed at each 
turn of the trough, with its quick-match secured round a nail : 
the first rocket arriving at the point where the other is placed, 
fires it. In order the better to insure the first rocket firing the 
second, a quantity of powder (J ounce) should be scattered about 
the match of the latter, protected by a wedge-shaped slip of deal, 
nailed to the bottom of the trough ; the rocket meeting this 
passes over the powder, which its rapid motion would otherwise 
disperse. 

A rocket may be made to turn in a circular trough, when the 
radius of that part is not less than twice the length of the rocket. 
• In order to prevent the smoke of the charge penetrating the 
gallery through the trough, one or two small iron traps may be 
placed in the trough, which, being raised by the rocket, fall again 
.by their own weight, and cut oflfall communication between the 
gallery and the charge. 

A rocket 6 in. long will travel 100 yds. at least, and its velo- 
city is so great, that two rockets fired at the same moment, to 
run very different distances, leave no perceptible interval in the 
times of their arrival. This property of rockets renders it easy 
to proportion the trains of mines to be fired simultaneously, 
which with powder-hose requires great nicety. 

The ordinary rocket for this service contains § of an ounce of 
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a compoation formed j of fine powder, ] saltpetre, and ) of 
cbarcoiil dust. These ingredients should be very carefully 
inixe<l, lo make tiie rocket burn uniformly. lu usual diameter 
ia neiirly } of nn incli, and entire weight alx)Ut 1} ounce. Bock- 
ei8 miiy be made much smaller when required. 

27. Galvanic Battery. The grwil advanUigea offered by 
galvauic bntleries for exploding mines at considerable distances 
Oom the battery, either wlieo isolated or combined in groups 
for simultaneous effects, have led to experlmenta which, from 
tfae uniform certainty of the results, besides other obvious ad- 
Tkittoges over any of the other methods above given, will pro- 
bably cause the general adoption of this apparatus for military 
mines. 

The method mostly adopted by the Continental engineers is 
ihe eombination of Jiunsm'a battery with Ruhmkorfa apparatus 
for iiit'-nsifying the current of induction. A copper conducting 
wire, which is insuliiied by one or two coala of gutta-percha, 
connects the charges with the galvanic apparatus. The charge 
ia exploded by passing a spark through a very small portion of 
falniinatc of mercury inserted between the ends of two copper 
wires, which are enclosed within a Bhorl tube of gntta-pereho, 
coated within with aulphuret of copper. The wires are bent 
near die end of tlie tube and twisted around each other. A little 
meal powder is thrown around the fulminate and the tube, which, 
with the tube and the bent part of the wire, is tightly closed in a 
small gutta-porcha bag, to keep out moisture. To fire a idngle 
mine, one end of the twist is soldered lo the conducting wire and 
the other inserted into the earth to complete the circle. For 
•creral mines, to be exploded at the same time, conducting wires 
connect the mines, and the ends of the twisl are soldered one to 
b conductor, except tlie end one, which has one of its ends 
1 into the earth. By this eombination the scries will be 
1 without any sensible difference of time between tho 
It and furthest mine. 

I. Blasts. Blasts are amall chombeni or boles made in rock 
or masonry, charged with jwwder. The (brining of bks^holcs 
requires the uw of ^Kirticular tools, culled bortrt, jumpm, acrap- 
en, needle*, and Utmpiiuj-li'tnt. 

To form the blaat-bole, two or three men are required; one 
F IkoMa the borer with boih hands, vhile the bead of it is struck 
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with sledge-hammers by one or two others. The first turns the 
borer at each stroke so that the hole may be circular, and from 
time to time clears it out with the scraper. 

When the hole required does not exceed 15 inches in depth, it 
may be excavated in the above manner ; but if 20 in., or more, 
deep, the jumper is generally made ase of. The miner holds the 
jumper in both hands, raises it, and lets it fall in the hole, 
turning it continually ; he also clears the hole with the scraper. 
When the stone is of a very hard description, it is usual to pour 
water occasionally into the jumper-hole. 

To load the hole, fill about one-fourth or one-third of it with 
powder, according to the nature of the stone. The charge for a 
depth of 18 inches is from 8 to 12 ounces. 

To tamp and prime the blast-hole, the needle is first in- 
troduced, plunging it well into the powder and placing it 
on the smoothest side of the hole ; then a layer of clay is 
laid on the powder, and is closely pressed down with the tamp- 
ing-bar. 

Other similar layers are then laid, or layers of brick reduced 
to small bits, the needle being turned repeatedly. It is usual to 
press down the first layers with a bar of wood, the helve of a 
tool, for instance, and the latter ones with the iron tamping-bar. 
When the hole is thus filled up, a small shell of clay is formed 
round the needle, which is then withdrawn, the hole left by it is 
filled with fine powder, and it is fired with a monk or a piece of 
port-fire. 

The use of the needle is often dispensed with, in which case 
the priming is rolled up in a sheet of brown paper, or it is intro- 
duced in straw-stalks thrust into one another. This priming is 
placed in the hole at the same time as the charge, so that it may 
penetrate well into the latter. The tamping is then executed as 
before. 

The use of the tamping-bar and the ordinary tamping may 
also be dispensed with, the hole being filled over the charge witii 
very fine dry sand, poured in without any pressure. 

The many accidents that have happened in priming blasts 
have led to the invention of priming-fuses,- which are made to 
burn somewhat in the same way as the fuse in the small Chinese 
fire-cracker. Their use is far safer than any of the former me- 
thods. 
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For blasts under water, the charge is inserted in a water- 
tight tin case and fired either by a galvanic current or a prim- 
ing fuse, which is protected from the water by a small tube 
connected with the charge, and leading to the surface of the 
water. 

The result of many experiments has shown that in blasting 
rock a large portion of the powder — nearly half — may be saved, 
by mixing with the remaining part fine, dry saw-dust of elm or 
beech. In blasts exploded in this way, the effect is not the same 
as when the full charge of powder is used ; the rock splits into 
fewer and larger pieces, and to finish dividing them a more fre- 
quent use of the sledge-hammer is required. 

29. Demolitions. The charges of mines intended to demo- 
lish masonry, are calculated as in a common soil, by using the 
proper quantities given in the preceding table. 

It is seldom, however, that in field operations the engineer is 
called upon to do more than to blow up a bridge or destroy an 
ordinary enclosure-wall, and for this purpose he resorts to the 
most expeditious means, supplying by increased charges the 
want of the usual mine-chambers and tamping. 

80. Walls. To destroy ordinary walls from 2 to 8 ft. in 
thickness, one or two barrels placed at the foot of the wall, or 
better still, if there is time for it, placed in chambers as low as 
the level of the foundations, and exploded without further pre- 
paration, will effect the object. 

When the wall is from 5 to 9 feet thick, chambers should be 
made under the foundations, near the centres of them, and each 
chargeil with a barrel of powder, the charges being connected by 
trains, to have them explode simultaneously. 

When the wall is from 9 to 12 feet, if the mortar can be easily 
picked out so as to remove the stones or brick of which it is 
built, a branch may be run to the centre of it, and a chamber for 
a large charge made at its end below its level, the branch being 
roughly tamped before exploding the mine. In some cases 
blasts may be used, in others the charges may be placed under 
the foundations. The question in each case is one, of the time 
at the disposal of the officer charged with the duty, and the 
means he has at hand. 

8L Houses. In the demolition of houses and powder maga- 
anes, the speediest method is to place several kegs of powder with 

11 
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connecting trains along the weakest portions of the walls, to 
buttress the roof or upper floor against heavy timber laid over 
the kegs ; then barricade strongly from within all the doors and 
windows, firing the charges by a train led to some distance out- 
side of the building. 

B2. Bridges. In the demolition of stone or brick bridges, 
charges may be placed either in chambers made in the faces of 
the piers, like those for destroying walls, or shafts may be sunk 
to the arches, between their crown and springing lines^ at the 
bottom of which chambers may be made for the charges. In 
the first case for piers, from 4 to 6 ft. thick, two chambers, each 
to contain from 130 to 160 lbs. of powder, may be made in the 
face of one of the piers, and be connected by a powder-hose which 
is led to the top of the bridge and to some safe distance along it 
to where the train is to be fired. In piers, from 6 to 10 feet, 
like chambers, with charges from 200 to 250 lbs,, each, will be 
required. In the second case the chambers should contain from 
400 to 600 lbs. of powder, and, if there is time, be tamped and 
covered over with all the heavy material that can be piled above 
them. 

In weak arches a trench made along the crown and charged 
with powder, or several kegs placed under the arch on a board 
suspended under it and exploded in the open air, will produce 
the desired eflfect Wooden bridges may be destroyed in the 
same manner. 

The officer charged with such operations should remember 
that it will be best to be profuse of his powder, as a complete 
success is the essential point 

33. Palisades. To destroy palisades, gates, doors, etc., the 
best method is to suspend a leathern bag filled with powder, 
either with a forked stick, a strong gimlet, or a stout copper nail, 
against the gate or palisade. The bag should have about an inch 
of port-fire firmly secured in one side of it, to conmiunicate the 
fire to the charge. To throw down a strong palisade, firom 80 to 
50 lbs. of powder should be used. To burst open a town gate, 

V 60 or 70 lbs. of powder will be required. 

34. Fougasses. Mines are so called when placed at the 
bottom of small shafts from 9 to 12 ft;, deep. The powder is 
lodged in one of the sides of the shaft, and it is fired from a 
secure spot by means of a powder-hose train, brought up one 
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side of the shaft, and carried in a trough, parallel to the ground, 
5 or 6 ft. below the surface. When there is no occasion to fear 
that shells nnaj fall on the part where the trough is laid, it will 
be sufficient to place it 2 or 2i ft. under the ground. The pow- 
deiMMseand trough should be well pitched, the shaft tamped 
in the strongest manner, and the earth round about the shaft be 
dug over, that nothing may indicate to the enemy the position of 
the fougasse. 

30. Shell FougaasM. Shells ma; be buried singly, or in 
small heaps, and be made to burst either under the ground, or on 
its surface. 

If they are to hurst under the earth, they must be sufficiently 
diarged to produce a crater, through which the pieces are pro- 
jected. 

tf they are to burst on the surfkce, the requirate quantity of 
powder to produce a crater and throw oat the shells must be 
lodged under them, while these latter need only have a sufficient 
charge to burst them. 

In all cases a box is used (Fig. 26), divided into two parts 
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by a partition. The shells are placed in the upper part; their 
fiuea project through the partition, and extend from J to 1 inch 
below it. 

In the lower part, the hose only is placed when the shells 
are intended to produce their own crater ; but powder sufficient 
to produce the crater is introduced when they are intended to 
bunt on the surface of the ground. 

The effects produced by common and shell fougasses are very 
limited, and only destructive near to their craten, consequently 
they should not be exploded until the enemy ia above them. 
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The following table gives the charges and craters of loaded 



shells for fbugasses : 
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CUAPTER HI. 

CONDITIONS TO BE SATISFIED IN ARRANGING A SYSTEM OF 

MIKES. 

It is but rare that, in the defensive arrangements of a field 
work, any combination for a war of mining is provided for ; 
although in many, and those but recent cases of a stubborn and 
protracted defence of field works against regular siege operations, 
mines have been employed with great success, although not made 
before the works of the assailant were well under way. As the 
end to be attained is the same in conducting the defence of a 
work by mines, whether it be a temporary or a permanent one, 
the same principles in the arrangement of a combination of mines 
for this purpose are equally applicable to the two cases; the most 
essential of which are as follows : 

36. Galleries. As the galleries of a system of mines serve 
the purpose of underground communication, they should be sub- 
jected to the same conditions as other communications. A con- 
dition of primary importance is, that no combination shall be 
made which might compromise the safety of the work. To this 
end, no gallery beyond the ditch should lead to the interior of 
the work ; for should the enemy get jK>ssession of such a gallery 
he might either penetrate into the work, or else barricade the 
gallery and hold jx^ssi^ssion of it long enough to blow up the 
works under which it leads. 

The gulluries should not oflFcr any facilities to the besiegers for 
carryint( on their works. Those galleries, therefore, which, com- 
municating with the ditches, might serve the besiegers for their 
di-scent of the ditch ; also a continued counterscarp gallery, 
which mav not only facilitate the descent of the ditch to the 
besiegers, but also, when in their possession, give them that of 
the whole system of min(»s, and, besides, serve to protect their 
passage of the ditch, and to pn*vent sorties in it, should be 
rejected. A gallery behind a portion of the counterscarp not 
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favorable to the enemy's works, is very useful as a dep6t for the 
implements of the miners, and also as a communication. 

A complex system of mines should not be used for works that 
can be carried by storm ; for the reason that the besiegers might 
easily get possession of the system before it could be brought 
into play. 

The entrance to a system from the ditch must be revetted, to 
offer a suflScient obstacle to prevent the enemy from getting pos- 
session of the system by surprise ; hence, a revetted counterscarp 
is a necessary condition in the establishment of the system. 

The galleries should not be run out to any considerable dis- 
tance beyond the covered-ways, both on account of procuring a 
good circulation of air, and because very advanced galleries are 
easily destroyed by the besiegers. The distance to which the 
galleries may extend should be so much the less as the ground 
above them is well protected by the collateral defences. 

The soil must be suitable for the establishment of a system ; 
wet, marshy ground, shifting sand, and hard rock, present almost 
insuperable obstacles; whereas a dry, firm soil, soft rock, or 
ordinary earth, under a thin superstratum of hard rock, are very 
favorable circumstances. If the sub-soil is wet, but presents a 
firm and dry superstratum 12 ft. thick above the level at which 
the water collects, mines may still be placed with advantage. 

Besides the above general conditions, there are certain special 
ones to be attended to in arranging the galleries and chambers. 

The galleries should be placed as far below the surface as 
practicable, to withdraw them from the effect of the globes of 
compression of the besiegers. To drain the galleries they should 
have a slight inclination, about ^Vi towards the ditches ; or, if the 
ground descends towards a hollow, the inclination may he given 
in that direction. 

The chambers, on the contrary, should be near the surface ; 
by this arrangement the powder is economized, and all danger to 
the galleries from the explosion avoided, whilst the object of the 
mines, which is to destroy the enemy's works, can be as fully 
attained by small mines as large ones. 

The galleries should not be placed nearer to each other than 
twice the line of least resistance of the heaviest charged mines, 
and not much less than four times the line of least resistance of 
the smallest charges. This arrangement will admit of a com- 
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btnAtion of mines in two tior^ tbe line of least resistance of the 
lower being double that of the upper, iho cbanibei^ of wliich 
aukj be so arranged that the explosions of one lierslmll nut iifro(.'t 
either the galleriea or the mines of the other. Twice llic tine of 
least rraistance of the largest mines is the least distance that can 
be allowed between the gitlleriee, in order that the mines of the 
lowest tier, which, being placed near one gallery to destroy a 
ptrt of it, shidl not injure those parallel to it. By plueing tbe 
gEillorics at this least distance apart, the branches for the service 
of the upper tier will be aa short as poaaible, eS^xting thus a 
saving of time and labor ; and for the same reason, the galleries 
on any one point being as many as ca» be placed, there will be 
kxB clisnce of all being destroyed by nn explosion, but that some 
on« of the galleries will be found eerviccable. 

The galleries and branches for the service of the diflcrcnt 
groups of mines should be independent of each other, so that 
there may be no confusion in the service, and that no group may 
be rendered unserviceable by the destruction of the communi- 
oations to another. The same jirlnciple should be attended k> in 
combining the different groups of mine chambers. 

Tlj« galleries and branches should never present tlicir flanks 
or sides to the globes of compression of the besiegers. This rule 
leods to the rejection of enveloping g^lcries. 

87. System of Countermines. The systems of counter 
mines proposed by moat writers on this branch of the defence 
an generally of too complicated a character to adroit of being 
executed at s reasonable cost, and they require for their service 
not only a large amount of powder but also a great number (^ 
miners. 

Tbe following arrangement, based on the general conditions 
just laid down, has been proposed, to meet in a simple and sati^ 
factory manner the retjuisites of a subt^rraneau defence : 

Parallel to the capital of an assailable salient of tbe work, four 
listening galleries may run out to a distance from CO to 80 yards 
beyond the salient ; the interval between the«e galleries being 
twice the lino of least resistance of the heaviest charged mioea. 
If we take tJiis line at 7 yds., or 21 ft., which is about the great- 
cat for common mince, the interval of the galleries will be 16 
yds. The dimensions of the listening galleriea for about the first 
20 yds. may be those of a grand gallery, and the remaining port 



I 

4 



168 FIELD FORTIFICATION. 

may be a common gallery. These galleries will depart from a 
transversal grand gallery about 6 yds. in advance of the coun- 
terscarp at the salient, which will serve as^ a communication 
between them, and also as a depot. Other transversals of the 
size of half galleries, or branches, will be made at different inter- 
vals for the purpose of ventilation. This group of galleries will 
have their outlet into the ditch, through two galleries, one lead- 
ing from each extremity of the transversal grand gallery. To 
flank this group, other listening galleries may extend obliquely 
outwards from the two outside parallel galleries. To serve the 
mines of this group, a series of ascending branches may lead 
from the galleries to chambers, placed midway between the gal- 
leries, and having a line of least resistance of 4 yds. This will 
place these chambers at about 8 yds. from the two adjacent gal- 
leries. Smaller branches may lead, if necessary, from these last 
branches to other groups of chambers having a line of least 
resistance of 2 or 8 yds. A series of chambers with lines of 
least resistance of 7 yds. will be established in juxtaposition with 
each listening gallery. From this arrangement it will be readi- 
ly seen that ground over the mines can be entirely broken up, 
and that the successive explosions of the mines of one group 
will destroy the branches and galleries which lead to them, with- 
out injuring those of other groups. Tlie object of this dispo- 
sition is to blow up by repeated explosions the ground over 
which the enemy must approach upon the assailed salient. 

Groups of galleries and mines similar to the one in advance 
of the salient may be arranged for the defence of the interior of 
the work at the salient. 

As the air in the galleries of mines is liable to become foul 
from various causes, some mechanical contrivances and chemical 
methods by which the vitiated air can be removed and fresh air 
introduced, have to be resorted to for the purpose of enabling the 
miners to circulate through them with safety. Air-pumps, bel- 
lows, and artificial drafts, procured by kindling a fire at one of 
the outlets of a system of galleries, are the ordinary expedients 
by which this object is attained. 

The great pecuniary outlay requisite in establishing a system 
of galleries, the time and labor for their construction, besides the 
large corps of experienced miners and the extra provision of 
powder demanded for their efficient service when the system 
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embraces any considerable extent of surface, has led engineers to 
consider whether the end proposed by subterranean means of 
defence might not be attained by some more simple expedients. 
Since the aj)plication of galvanic currents to exploding mines, 
and the facilities which it affords to effect this at very considera- 
bly distances, it has been proposed to substitute isolated shafts 
for galleries, placing them in positions most suitable to attain the 
besieger's works. The sliafts, to give them a character of per- 
manency, may be lined with masonry and receive a stone or iron 
cover, which may be concealed from view by placing it several 
feet below the surface. When wanted for service, the shafts are 
chjirged and tamped in the usual manner, and connected with a 
galvanic battery by insulatqd wire conductors, laid sufficiently 
far below the surface of the ground to be without the sphere of 
the besieger's excavations, and of other accidents. 
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CHAPTER IV. 

EXAMPLES OF REMARKABLE MILITARY MINING OPERATIONS. 

SIEGE OF SCHWEIDNITZ IN 1762. 

This siege was remarkable for the successful employment of 
overcharged mines, or globes of compression, in attacking a 
system of countermines, and for the difficulties which seem to be 
inherent in the latter in conducting a subterranean defence. 

The Prussians, who were the assailing party, having reached, 
by their trenches, to within about 100 yards of the covered way, 
drove a gallery in the direction of the salient angle of the work 
attacked. When this gallery had been driven about 90 feet, the 
enemy made a sortie, drove off the few guards in the trench, 
entered and partially destroyed the gallery. The damage done 
was soon repaired, and the gallery pushed on a foot or two fur- 
ther, when, the air becoming foul, it was decided to charge and fire 
it. It was charged with about 5,500 lbs. and then tamped and 
exploded, producing a crater of about 85 feet diameter and 18 
feet deep. 

After several attempts to push forward a new gallery from this 
crater, in which the, besiegers met with failures, from water 
making in it, and from the effects of the enemy's countermines, 
a gallery was commenced from the crater of a countermine 
which had been prematurely exploded. This gallery, after some 
delay from the enemy's countermines, was pushed forward about 
46 feet; charged with 2,600 lbs. of powder; tamped and fired; 
producing a crater of 68 feet in diameter and 16 feet deep. 

Several attempts made to drive a gallery from this crater were 
frustrated by the countermines of the besieged. The besiegers 
finally succeeded in driving a gallery a distance of 21 feet, which 
was loaded with nearly 4,000 lbs. of powder, quickly tamped 
and exploded ; producing a crater of 63 feet in diameter and 17 
feet deep ; bringing the besiegers within about 10 feet of the 
crest of the covered way. 
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New galleries were commenced from this crater which were 
Boon destroyed, partly by the countermines, and partly by a 
aortic of the besieged. After some unsuccessful attempts to con- 
nect the two last craters, owing partly to the fouling of the air in 
the gallery, from the explosion of some countermines, a gallery 
was 'driven forwards about 100 feet; charged with 5,500 lbs. of 
powder; tamped ; and although two countermines, one on each 
side of the ^lery, were sprung, it was not seriously damaged, 
and the mine was successfully exploded. The effect of this 
charge was very great; for, although it did not injure the scarp, 
of the work, it threw over into the ditch a mound of earth, which, 
resting against the scarp, reached as high as the superior slope 
of the parapet, affording a practicable ascent. Still, with this 
advantage, the assaults of the besiegers were met with so warm 
a fire that they were kept at bay during the night But a capi- 
tulation took place the following morning, after a siege of 63 
days, 48 of which were employed in the mining operations. 

From the narrative of this siege it would seem that the be- 
sieged did not avail themselves sufficiently of the opportunities 
presented to them for sorties ; as the besiegers pushed forward 
their works without sufficiently guarding them, and from a weak 
front. Although well provided beforehand with galleries, by 
which the attempts of the besiegers could be thoroughly watched 
and met, still the besieged, from the fouling of their galleries, 
owing to the explosion of their countermines, and from the injury 
done to their galleries, were unable to defeat the object of the 
besiegers, who succeeded in pushing forward their attack in the 
direction selected. 



SIEGES OF SILISTRIA AKD BRAILOW. 

In their attacks, both upon the field and more permanent 
works of the Turks, as in the sieges of Silistria and Brailow in 
1828-29, the Russians resorted to mining to open breaches in 
each place, and with successful results. Their galleries were 
driven from their lodgments on the glacis of the works, under 
the main ditch, to a sufficient distance in rear of the scarp walls, 
and near their foundations, to establish several globes of com- 
pression parallel to and behind the wall. Branch galleries wero 
also run behind the counterscarp walls, and globes of compres- 
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fiion established to blow them in. At the siege of Brailow, the 
Turks made no attempts to counteract the EuFsians by counter- 
mining ; and in that of Silistria, the year after, their efforts at it 
were little more than abortions. In both cases, however, they 
excavated deep cunettes along their main ditch, to obstruct the 
Eussian approaches. These had no other effect than to force the 
Russians to sink their galleries lower, to pass underneath the 
cunette ; whilst they subsequently converted it into a good lodg- 
ment in the main ditch. The result in each case was, that large 
practicable breaches were opened by the explosion of the mines, 
which led to a capitulation. 

SIEGE OF SEBASTOPOL. 

In this celebrated siege the Russians conducted their under- 
ground operations with the same vigor as they showed in their 
works on the surface. The ground itself was peculiarly favor- 
able to countermining, presenting alternate layers of hard lime- 
stone-rock and clay, which enabled the Russians to establish 
their lowest tier of galleries and mines from between 50 and 60 
feet below the surface, thus giving them the decisive advantage, in 
a subterranean war, of burrowing below their opponents' position. 
The system of mines which they adopted was a series of listening 
galleries, running out perpendicular to the counterscarps of the 
points defended by them ; those towards the salients spreading 
outwards in fan-shape. The listening galleries were connected 
by frequent transversals. The total developments of the whole 
combination were about 6,500 yards. On a plan of them, given 
by the French engineers, it would seem that the Russian miners 
had not been directed with intelligence, as many of their galle- 
ries were run in a false direction, and could not have been used 
without injuring each other. The most of their mines were 
undercharged, but they presented a considerable obstacle, and 
occasioned much delay to the approaches of the French on the 
points which they defended. 

As shown in (Pig. 27) their system of mines, in advance of the 
salient of the Bastion No. 4^ designated by the French as fe Baa- 
tnm du Mdt^ were opened from the bottom of the ditch of this 
work, by sinking shafts and constructing irregular ramps, which 
were sheltered from vertical fire by weak bomb-proofe of timber 
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and cartli. Some of their galleries, at their entrances, were 
roughly timbered, as well as the branches of their mines at their 
extremities. The rest were simply excavations through the 
natural soil. Light ladders placed in vertical shafts, and ramps, 
led from one stage to another. For ventilating, they usecl small 
double-barrelled air-pumps, and tubers of thin sheet-iron alx.>ut 
2.6 inches in diameter and from 5 to 6 long, which were fitted 
end to end in each other. Thev also used india-rublxT hose of 
the same diirmeter as the sheet-iron tubes. Their chambers were 
charged by dej)ositing the powder in bags, kegs, or powder-cases. 
Their tanj)ing was done with sand bags; shields of scantling 
being place<l at every 6 feet, for the half of the branches nearest 
the chamber, and every 10 feet for the remainder. The shields 
were buttressed by a strut firmly embedded in the earth to the 
rear. The tamping was uniformly rqual to twice the line of 
least resistance, and executed with great care; the spaces be- 
tween the sand bags being crammed with rags. 

The mines were fired by electricity, Volta's pile being used 
for the purpose; the conducting wire being composed of three 
copper wires covchmI with gutta-jxTcha. 

Looking forward to bring c^)mpelled to evacuate the works on 
which thr approaches of tlie Allies were made, and to abandon 
Sebastopol, the Russians had mined all of their important maga- 
zines and works on the south side of the harbor. These mines 
were connected by conductiuLT cables and fired from the north 
side of the harbor. The destructive efTcets were complete; for- 
tunately for the Allies, two of their principal points of attack, 
the MalakofT and the Redan, were saved by the discovery of the 
connecting cables leading to the mines which had been j)repared 
under them, and were to have been exi)loded simultaneously 
with the others. 

The charges found by the French in the unexploded chambers 
of the upper tier of the Russian mines varied from about 100 
to 4«'0 lbs. ; being mostly under charges, and amounting, in 
many cases, to simple camourtets. The French attribute their 
own trilling losses to tluse small charges, and sUite that much 
larger charges might have been used b}' the Russians without 
damaging their own works, whilst they would have pnxluced 
serious annoyance and loss to the French, by tiie fragments of 
rock which wouhl have been thrown among their tro(^{)S. 
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The French commenced their offensive mining operations by 
sinking two shafts, in the reverse of their third parallel, oppo- 
site Bastion No. 4 ; chiefly with a view of sounding the ground 
preparatory to establishing a few globes of compression, which 
were to have been discharged at the moment of assaulting this 
bastion, so as to create confusion among the Russians. The first 
step was Uiken on Nov. 20, 1S54, and having led to an under- 
ground warfare, for the Russians had prepared for it beforehand, 
the struggle was kept up with unabating skill, vigor, pertinacity, 
and boldness on both sides, until Sept. 8, 1865, when the final 
assault was made by the Allies on the Russian works. 

The French, as has been stated, had to work under far more 
unfavorable circumstances than the Russians; the system of 
countermines of the latter being well ventilated by shafts sunk 
in the ditch of Bastion No. 4, and others in the glacis, and also^ 
being below strata of a hard limestone rock, and the French, 
moreover, having a greater distance to push their galleries to 
reach the Russian countermines than these were from their 
defensive works in their rear. 

With these disadvantages, the French resolved, about March 14^ 
1855, to break up sufficient ground between their third parallel 
and the ditch of Bastion No. 4, by a connected series of mines, 
to give them front enough for a fourth parallel, which was to 
contain troops to cover their further mining operations. All of 
their subsequent mining labors on this point, up to the close of 
the siege, tended to this object ; and at this period the effect 
of their arduous labors is shown in (Figs. 27, 28). 

During this time they executed about 100 feet of ramps and 
shafts, and about 4,000 feet of galleries and branches. They 
exploded six under-charged mines and camouflets ; twenty stone 
fougasses ; thirty-five over-charged mines ; and sixty -four over- 
charged shafts; making a total of one hundred and twenty-five 
explosions ; u^ng in all about 130,000 lbs. of powder. Their 
losses in killed, in wounded, from momentary suffocations, and 
in those rescued after having been buried alive, among their 
own miners and some auxiliary force from the infantry of the 
line, were two hundred and twenty-eight in all ; of which eight 
were officers, killed either in the mines or trenches by expio* 
sions, and eight by the Russian fire. 

Not only did the French use their mines to gain a footing Ibr 
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bronches were mostly ran witboot bang timbered ; and tbej 
increafled their cros^^ection to 4 feet 8 inches, by S feet; having 
found that, in smaller branches, tbe air could not be kept soffi- 




cienUy pare. All of their galleries, for like reasons, were made 
6 feet wide, and as much height was giren to them as the thick- 
ness of the clay strata woald allow. 

At noon, April 11, 1S55, the French commenced to charge 
the chambers they bad been preparing to open a 4th parallel, at 
about 100 yards in advance of their 3d parallel. This group 
of mines consisted of six chambers, each charged with 4,180 
lbs. ; eleven chambers each chained with 2,608 lbs. ; and four 
each with a charge of 1,254 lbs. ; total, 67,684 lbs. To save time, 
an empty space was left behind each charge ; and the branches 
leading to the chambers were tamped for distances varying from 
6 to 20 feet Bickford's fuse was mosUy used for firing the 
charges. A fuse being attached to one of the bags of powder, 
each of which contained about 40 lbs., with whidh the chamber 
was loaded, it was led along the bottom of tbe branch to a box, 
into the side of which as many holes were bored as the number 
of fuses common to the group of mines; the ends of the frises 
were inserted through these holes into 4 lbs. of powder placed 
in the box. But the better to guard against fiulure, an ordinaty 
powder hose, placed in a hose trough, led from each mine into a 
powder box, through which all tbe fuses likewise passed. 

This group of mines was fired at nightfall, April 16. It made 
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but little noiec from the explosion, but produced a considerable 
concuaaioR, throwing the earth and fragments of the rock up to 
a groat beight. The craters presented the appearaace of a large 
ravine, but a portion of the ground remained unbroken, thus 
intermpUngthe communication between the right portion, which 
WAS the most accessible, and that on the left, which afforded the 
beat cover. Otherwise the craters aObrded good cover from the 
Russian fire. 

Owing to the rockj character of the soil and the heavy fire 
of the Bussiaus, no attempt was made to connect the craters with 
the 8d parallel until the night of April 16, shells being thrown 
in the meanwhile into the craters, to prevent their being occu- 
pied by the Russians ; two communications were made, and the 
craters of the right and left connected by the full sap, on the 
nights of April 17 and 18, under frequent delays from the Eob- 
sian fire, as well as with considerable loss of life among the offi- 
cers and men of the sappers and miners. 



8IE0E OF PETERSBUBQH. 

BepoTtof lAxuL Cd. Pleaea>.-T8, 48ift TUg. Perm. Volt., on the Om- 
ttructiojt and Explo»io7i of the Ming before PiUerthuryk, Virginia. 
(Figs. 29, SO, SI, 32.) 

This mine was commenced June 26th, 1864, at 12 H., and 
pTOgrcMed rapidly till July 2d, when extremely wet ground was 
reached, which caused the ceiling of the gallery to give way. 
The soil at this point was a wet marl of the consistence of putty, 
caasing slow progress in the work. To avoid this, an ascending 
gallery (Fig. 30}, ri-siag 13.5 feet in 100 feet, or one foot to 7.4 
feet, was driven. The main gallery (Figs. 29, SO), was com- 
pleted July I7lb ; the total length 510.8 feet. Operations were 
now suspended until July ISth, from apprehensions of the ene- 
my's countermining, when two galleries were driven, one to the 
left of iho main gallery, ibo other to the right, which last, to 
avoid the attempts of the enemy, who could be heard working 
above it, was deflected backwards in a curved form, to bring it 
exterior to the enemy's intn>nchmenui on the snr&oe. The left 
lateral gallery, which was ST feet in length, was terminated at 
midnight, July 22 ; and the right lateral, 88 feet in length, was 
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tenninated at 6 p.m., July 23. From this time to July 27, waa 
employed id draining and placing the powder cases. The cases 
were filled irilh powder July 27, between 4 f.h. and 3 P.u. ; and 



isg.«. 




flf-M. OnMSMttoatf 



e famping begun at 6 p.m. of this day, and completed at 6 P.V., 
July 23. The tamping of the lateral ^leries extended forwani 
10 feet from their cntrance,"and that of the main gallery 34 feet 
back. No tamping was placed in between the powder cases^ 
The fuse for firing the charges was lights at 3^ a.m., July 2dtb, 
bat, owing to the stoppage of the ignition at a point where the 
• bad been spliced, the mine was not exploded until a qoar- 

e cbargB consisted of 320 lcog« of powder of 25 lbs. each, 
mt 8,000 lbs. This was distribub^l among the six cases, 
which were connected by hose troughs about half filled with 
powder. The troughs united at the junction of the main «nd 
Utentl galleries. From this point, to a distance of 98 feet along 
the gallery, three lines of fuses were laid. To gain the requi«te 
length it was necessary to splice the fuees. 

The mine was ventilated, at Srst, by having the fresh air go 
m along the main gallery and return, with all the gases liberated, 
io a square tube made of boards; its nrea of cross section being 
60 inches. This tube led to n perpendicular shaft, 22 feet high, 
out of which the vitiated uir escaped. A graUng was placed at 
the bottom of the shaft, on which a fire was built, to rarify the 
air and increase the velocity of the upward current. The fresh 
Mr was led tn this way to the end of the gallery, and the foul 
air to the shaft, through which it escaped ; a ]Hirtition having 
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been placed across the maiii gallery to prevent its exit through 
the mouth of the gallery. 

As the excavation of the gallery progressed, the number of 
the working party was increased, and numbered in the end 
nearly 400 men. The total amount excavated was 18,000 cubic 
feet. The crater was 200 feet long, 50 feet wide, and 25 feet 
deep. 

An eye-witness of this explosion says, that the enemy fled 
from their adjacent works, and, for some time, seemed as if par- 
alysed; leaving practically a breach of 500 yards in their lines 
for our assault, whicbj from whatever cause, when made, unfor- 
tunately failed. 

SIEGE OF VICESBUBG. 

From tne commanding position of the defensive works of this 
place over the trenches when advanced to within a short distance 
of the ditches, and the means of annoyance by hand grenades, 
and even 6 and 12-pdr. shells thrown over on the heads of the 
sap, a resort to mining was had upon several points to open 
breaches in the parapet, and in each case the mines were ex- 
ploded with complete success, although the mining operations 
were undertaken without the aid of a thoroughly trained mili- 
tary mining corps, such men among the troops as had been 
engaged in coal mining having been employed on the occasion. 
There are no peculiar features of interest in these operations, 
further than the aptitude shown by our troops for any work to 
which they may be put in devising a means from whatever may 
be found at hand. The galleries were framed and secured very 
much in the same way as the one used at Petersburg. The 
charges were mostly small, the lines of least resistance not 
exceeding some 28 feet The attempts made by the assailed at 
countermining did but little damage, and retarded but slightly 
the progress of the besieging operations. 
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SIEGE OPERATIONS. 

ATTACK BY REGULAR APPROACHES 



CHAPTER I. 

FRENCH MATERIALS AND TRENCHES. 

1. The term Regular Approaches is applied to the means em- 
ployed by a besieging force to reduce a fortified position which 
is loo strong to be carried by the usual mode of an open assault. 

These means consist in approaching the position under the 
cover of the ordinary trench bordered by a parapet, which is 
gradually pushed forward in the most favorable directions to 
shelter the troops placed in it from both enfilading and plunging 
fires. 

2. In the construction of the trenches various articles are 
required to give speedy and safe cover, besides the usual trench- 
ing tools. These are termed Trench Materials^ and consist of — 
1. TVacing Tape or Cord; 2. Tracing Pickets ; 3. Ordinary Pick- 
ed; 4. Fascines; 5. Sap Fhgots ; 4. Oahicms ; 5. Sap- Rollers ; 
6. Sand' Bags ; 7. Blindage Frames; 8. Gallery Frames and 
Sheeting, 

TVaoing-Tape or Cord. — This is a strong white tape or 
cord usually 150 feet long, and divided off into spaces of 6 feet, 
a piece of tape 6 inches in length being sewed to each point of 
division. At each end of the tracing-tape a short piece of cord 
18 attached to tie the tape to two tracing-{)ickets. The tracing- 
tape, for convenience, is rolled up into a ball. 

Traoing-Piekets. — These are 18 inches long and one inch in 
diameter. For ordinary use they are tie<l up in bundles with 
Aeir bark on ; but for setting out night work the bark should 
be stripped off to make them more readily seen. 

Ordinary Piokoto. — ^Those used for securing faacines are 
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from 2' to 4' long, and from IJ" to IJ" thick ; those for setting 
out or tracing the works are 18" long and 1" diameter. 

Fascines. — These are usually made 18' long, and 9" m 
diameter, and are afterwards cut into suitable lengths for the 
purposes to which they are to be applied. 

Sap-Fagots. — These are made, like fascines, of straight brush 
wood at least 1" in diameter. They are 2' 9" long, and 5" in 
diameter. The centre stake should be from IJ" to 2" in diame- 
ter, and project 9" beyond one end of the sap-fagot ; this pro- 
jecting portion is sharpened, to enable the sap-fagotto be planted 
firmly in the ground in an upright position. 

Gabions. — ^The exterior diameter of these is 2', and the height 
of wattling 2' 9". They are made with seven, or nine stakes, 
which project 6" above the wattling at top, and are pointed. 

The ordinary trench gabion and the <gabion for revetting bat- 
teries receive the same dimensions ; the latter is more strongly 
made and of the heaviest brush wood. * 

At the siege of Sebastopol the want of brush wood for the 
wattling of gabions led to the introduction of the common hoop- 
iron for this purpose, which had served to secure the bales of 
hay. The number of pickets employed for each gabion was 
usually thirteen. It was found that these gabions could be con- 
structed more readily than the ordinary kind ; that they were 
not much heavier, were more durable and in all respects as ser- 
viceable. Since then it has been proposed to use simple sheet 
iron cylinders of suitable dimensions instead of the brush wood 
gabion. For this purpose rectangular sheets of iron, of suitable 
dimensions to form cylinders of the same height and diameter as 
the ordinary gabion, are prepared with three or four holes 
punched near and parallel to the shorter sides of the sheet, to 
secure these ends with wire when the sheet is bent into the cyl- 
indrical shape. Besides these, two other holes of larger size are 
punched towards the central portion of the sheet, so as to be 
diametrically opposite when the cylinder is formed, to receive a 
picket passed through them which serves as a handle in carrying 
the gabion. The advantages of this description of gabion are 
greater strength, lightness and durability than either of the 
others; offering great facility for distant transportation, and 
resisting better the blast of guns when used for revetting the 
cheeks of embrasures. To prevent the iron £rom rusting readily 
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it has been proposed to galvanize the pktea. This end could 
perlinpa l« better aubservcd by treating them, as we now do our 
hollow projectiles, to a coal of minentl tar laid on hot, 

Sap-Rollers. This is a large gabion 7 feet 6 inches in length, 
and 4 feet 4 inches exlorior diamt^ler. It requirea for its con- 
Kniction fifteen stakes, each from IJ inches to 2 inches in diame- 
ter. After it ia completed, tt is stuffed compactly with faactnes 
7 foet 6 incliea long. The sap-rollor is aomolimea made of two 
ooocentric gabions, t]ie diameter of the smaller 2 feat 6 inches. 
The space between the two ia compactly Bluffed with fascines. 

Smnd-Bags. The sand-bag, for the revetment of batteries, 
when empty and laid flat, ia 2 feet 8 inches long, and 1 foot 4 
incbef wi<Ic ; those used in the construction of the trenches are 
2 feet long and 12 inches wide. 

3. Trenohes. Trunchcsaredividedinto two principal classes; 
flpprftfflc/«a or boyaux, and parallels. 

4. Approaohes. The approaches serve simply &s covered 
communic;ntii>na which lead to and connect the pamllcls, and are 
usually din-vted towards the points of the defences upon which 
the attack of the besiegers is made. The approaches are run in 
a sigsag, or in a straight line, towards one or sovend of these 
points. The irencht's of the approaches (Figs. 7, 8) are 8 feet 
wide at bottom ; S feet 8 inches deep in front, and 4 feet at the 
rear. The reverse reocirea a slope of 45". The front is usually 
nade with a slope of 2 feel base. 

The earth from the trench is thrown to the front to form a 
parapet The gitneral height of this parapet is nearly 5 feet; its 
widUi at the base about 18 feet. 

5. Parallela. The parallels are doaigned as stations for troopB 
to gunril the iH'siogera' works and tli© workmen employed in thwr 
eiccntion from the iwrtics of the garrison. The gcncnd direction 
of the parallels is parallel to, or concentric with a line connect- 
ing the most salient |x>int8 of that portion of the defences 
attacked. Tlie trenchn* of the parallelK (Figs. 8, 4, 6, 6) rwcivo 
a width ut bottom of 10 fwt ; their depth in front is 8 foet, and 
in rear, 8 feet 6 inches. Two steps, each 18 inches high and 18 
vide, lead from the bottom of the trench, on the front side, to 
the satQral ground. The reverse of the trench receives a slops 
of 45" ; or else, i« also cut into two stepfl. The steps in front 
an alooo revetted with (o^nes. 
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6. Simple Trench. When the parapet is formed of earth 
alone (Figs. 1, 2), the trench is termed a Simple Trench. In 




fig. 1. Profile of Approach hj the EQmple TrondL 

this case the earth of the parapet is allowed to take its natural 
slope on the side towards the trench. The step, or berm of 18 




Fig. 8. Profile of Parmllel fonned of a Simple TrendL 

inches between the foot of the parapet and the trench in the par- 
allels, serves as a banquette. 

Portions of the parallels (Fig. 3), from 20 to 30 yards in 
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Fig. 8. Profile of a Parallel of a Simple Tronch with Stepe for Sortlei. 

length, are arranged with steps, revetted with fascines, leading 
from the trench over the parapet, to enable the troops in the par- 
allel to move from it to repel a sortie of the besieged. 

The direction of the simple trench is laid out by the tracing- 
tape and pickets. The trench is executed by soldiers of the line ; 
each man being famished with a pick and shovel, with which he 
places himself speedily under cover, by digging a hole and 
throwing the earth in front of him ; continuing his labor until 
he has excavated 6 feet in length of the trench, and as much of 
it to the rear as may be assigned to the relief or working party, 
to which he belongs. After the trench has received its general 
width and depth, the slopes and steps are finished off under tfie 
direction of the engineer troops. 
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7. Flying Sap. When the trenches have been pushed for- 
ward to within destructive range of case shot, the construction 
by the simple trench lias tg be abandoned, and one which will 
afford more speedy shelter resorted to. This is effected (Figs. 4, 
6| 6), by placing a row of ordinary gabions in juxtaposition, 




Ilf. 4. ProAte of ApfVOMh Uj tlM rijlBf Sip. 



along the direction of the trench ; these being filled with the 
earth from the trench, the parapet is completed by throwing the 
remaining earth over and beyond them. This process is termed 




fiff . & 8«cUon of PmlM wtth Fljrlnff Bap, 



the flying sap, from the rapidity with which the work is done. 
It^ also, is executed by troops of the line, each man bringing 
two gabions on the ground, which he is required to fill, and also 
to complete the portion of the trench, in the rear of them, 




f1(. 6. 8«ell«a of PftralM with Slepo for Bortloi. 

assigned to the relief to which he belongs. The requisite height 
is given to the parapet cither by heaping up the earth above the 
top of the gikbions, or by placing three ordinary fascines upon 
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the gabions, two being in the bottom course and the other on 
top, and throwing up thq earth at least as high as the top fascine. 

In positions where the earth cannot be obtained in suflBicient 
quantity to afford a speedy cover, as in a shallow stratum of soil 
on rock, etc., two rows of gabions, placed in juxtaposition, may 
be used for the flying sap. 

The troops for constructing both this and the simple trench 
are divided into three parties or reliefe. The first digs the trench 
to the requisite depth and to the width of 5 fe^t. The second 
widens it 4 feet 6 inches. The third finishes what remains, giv- 
ing the requisite slopes to the front and rear. 

Remark. The dimensions and forms given to the profiles of 
the parallels and boyaux in the preceding paragraphs are those 
used in our own and the English sapper practice. The French 
allow usually 3 feet 3 inches for the uniform depths of both and 
4 feet 3 inches for the height of parapet. This gives a cover of 
7 feet 6 inches in the trench. The greater penetration of the 
projectiles of rifled guns at long ranges, would seem to favor 
giving greater depth to the trenches and greater thickness to 
their parapets to obtain more secure cover. It has been proposed, 
therefore, to make the trenches 5 feet deep, and without chang- 
ing the height of the parapet to increase its thickness. At the 
Siege of Sebastopol the trenches were made, in some cases, 6 
feet deep. 

8. Pull Sap. The full sap (Figs. 7, 8, 9) is resorted to when 
the fire becomes so destructive that the flying sap cannot be used. 
The trench is opened and pushed forward by engineer troops 
alone; for this purpose a working party, termed a brigade, of 
eight sappers is requisite. The brigade is divided into two equal 
sections ; the sappers of the first section dig the trench, and are 
numbered from 1 to 4; No. 1 leading. The other four are 
termed assistants ; they bring forward the materials, and assist 
the first section in all the necessary operations. 

The leading sapper. No. 1, is provided with a pick and shovel, 
and wears a musket-proof helmet and cuirass ; he works on his 
knees, being covered, on his side toward the defences, by the 
parapet of the trench, from which he debouches ; and in front 
by a sap-roller, which is placed perpendicular to the line of direc- 
tion on which he is to work, and rests against the gabion he is 
filling, covering it one foot. The pprtion of the sap which he 
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digs IS 21 inches wide at top and 21 inches deep; it receives a 
slope of 4 perpendicular to 1 base on the front, and is vertical 
in the rear ; and its length is 5 feet So soon as this portion is 
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Flf. 7. PUn. Flf. 8. Loogitadinal Section. Dg. 9. OroM-Section of FaU Sap. 

finished, Xo. 2, who is protected in all respects like No. 1, com- 
mences to widen and deepen the trench 8 inches at the point 
from which No. 1 started, and follows on after No. 1, keeping 
always 5 feet in his rear. When No. 2 has pushed forward 5 
feet, Xo. 8 commences and enlarges the trench in each direction 
7 inches, he follows on also 5 feet in rear of No. 2, but as the 
work thrown up by the sappers preceding him affords pretty 
good cover, he can work standing, taking the precaution to bend 
forward for greater security. Finally, No. 4 begins when No. 3 
has got on 5 feet, and deepens and widens 7 inches. As he is 
well covered he can work in an unconstrained posture. 

Besides the shelter given on the flank by the gabions, as they 
are successively filled, and by the sap-roller in front, the further 
precaution is taken of driving sap-fagots along the berm, at the 
junciion of the gabions; these are successively removed as they 
are no longer requisite. The trench fascines are placed ujx)n the 
gabions by the assistants ; and the remainder of the trench com- 
pleted by working parties of the line, so soon as the brigade of 
•appi^rs have proceeded far enough for the others to commence 
without hindrance. 

8. Double Sap. This sap (Figs. 10, 11) consists of two heads 
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of sap pushed forward by two brigades working abreast. Its 

object is to form a trencli in a position exposed to Bre in &ont 
and on both sides. The head of the sap is coYered by two sap- 
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rollers placed end to end ; a bag of wool, or a short sap-roller, 
being placed at their juncdon, for a screen. The distance between 
the two rows of gabions is 13 faeL The earth between the two 
lines of sap is removed by the usual working parties, as in the 
preceding case. 

10. Half DouUe Sap. This is an ordinaiy line of full sap 
(Fig. 12), poshed forward in a position where it is necessary to 
give temporary cover on the reverse of the trench, from a dant 
fire by gabions filled with sand-bags. The distance between the 
two rows of gabions, in this case, is only 5 feet 6 inches, the sin- 
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gle aap-roller covering io froot this interval from enfilad- 
ing fire. 

U. Praotioal DeGlement of Approaobea. The parallels^ 
from llieir position, are covered by their parapets from all firo 
of the besieged; but the boyaux, Irom receiving a direction 
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towards the be«cged works, may be exposed eitber to a very 
oblique slant fire in their fWint; to an en61ading and & slant 
reverse fire ; or to a fire on both fiiinks and in front. From the 
first, they are usually aecim-d, by running them out so fiir beyond 
ibe point from which the most dangerous slant fire may come, 
" * a prt)jectile, thrown from this point, striking the top of the 
i, of the boyaux, will not plunge low enough to bit a man 
g aX tbc reverse of the trencb and in the line of direction 
This position ia itttaiued, in practice, on a site senai- 
\ ^y giving the line of the trench sueU a direction, 
1 it would pum 30 or 40 yards outside of the most 
rouB point On ground inclining downwards towanlsthe 

rous (joint the direction given should be the further out 

L^S (bo exposed gruund is the steeper; but, on ground rising 
towards the dangerous point, the direcdon tnay be laid oeaier in 
, towards the dangerous [Mint than on sensibly level ground, so 
aa, in some cases, to be run directly upon this pcnnt, with fkill 
■eoority from its fire. In praoticsl field operations, the selection 
of tbe proper direction in each cam will depend upon the expo- 
ricoca of the engineer conducting the approach, and his coi^t 
tteeilhr the lay of ground. 
IS, Whure tlio approach is exposed to an enfilading and a 
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slant reverse fire, and does not admit of a change of direction to 
avoid these, resort is had to the erection of traverses across the 
line of trench to cover from an enfilading view, and to short 
portions of trench, termed wing traverses^ run back from the 
approach in a direction perpendicular to it, the parapets of which 
intercept the slant fire. 
To effect this (Fig. 13), the trench is carried forward by means 










Fig. 18. PUn of Half Doable Sap to eorer firom Enfilading and Slant Rerene Fire, i, a, Tra* 
Tenee for enfilading coyer ; b, Trench around ends of Traverses ; c, Prolongation of Trench to 
oorer b from slant Aire ; o, o, o, Wing Traverse to corer from slant fire. 

of the half-double sap. So soon as the head of the sap has been 
advanced the length of twelve -gabions beyond No. 4, a short 
end of sap is commenced in a direction perpendicular to that of 
the trench, and run out until it intercepts the line of fire upon 
the point of departure of the trench, which should be at most at 
the distance of twelve gabions in the rear. When this end of 
sap is completed, the provisional parapet of the trench in its rear 
can be taken down, and the trench enlarged to its proper width. 
In this way the trench is successively pushed forward and 
enlarged, until a position has been reached where it becomes 
necessary to place a traverse to cover the trench from both enfi- 
lading and reverse views. These traverses, A, A, are made by 
chahging the direction of the trench perpendicular to that of the 
original line, and continuing in this new direction, by the full-sap, 
the requisite length of the traverse ; the original direction is then 
resumed, and continued, by the half-double sap, a sufficient dis- 
tance to leave room lor the width of the traverse and a trench 
of double sap ; a rectangular return is then made, by the double 
sap, back to the line of gabions of the original trench, and the 
original direction is taken up and carried forward by the half- 
double sap. 

The traverses, A, A, are usually seven gabions, or about 14 feet 
in width. Their length will depend on the position of the dan- 
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^rous poiDt, but they are aclJom made over 30 feet id lengtli. 
Tlicir dJstaDce apart will alao depend on the command of the 
dangerous poiut. The portion of trench between any two Ini- 
Teraea must be perfectly covered by the advanced traverse. As 
a practical mle iho traverses are not placed farther than 25 or 
SO yiuds aparL 

The poniou of the trench, b, in rear of the end of the traverse 
ia covered by extcndiuj; sufficicoUy for to the rear of it an end 
of trench, c, forming a wing traverse, to intercept the line of 
Blaat fire. 

18. In the case of an enfilading fire and a fire on both flanks 
(Fig. 14), the trench A is carried forward by the double sap, until 
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the point of departure, b, is about b<?ing exposed to tbe fire com* 
ing in over tlie Bap-ruilerti; a t^hangc of direction, 0, at right 
angles is then made by the full sap, to the right or left, and 
puflhed forward the length of about lifteen gabions, or so far as 
to intercept any slant firo on eitlter side of the trench iu rear, 
vben the orif^nal direction, D, is r<.-sumcd by the double sap. A 
ebango of direction is sometimes made by the full sap both to 
tbe right and left at right angles to the original line, and pushed 
to the length of twelve or fourteen gabions each vay. Then, 
from tbe extremities of these branchea, a direction parallel to 
tbe original is taken up by the double a^p, and pushed on ontil 
the point of departure to tbe rear ia about being exposed, when 
a cfaauge of dirvctioQ towards each other is made at right angles, 
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by the full sap, and the two branches are united on the original 
direction, E, which is resumed by the double sap. 

14. Trench Cavalier. This work consists of a parapet 
raised on a mound of earth for the purpose of obtaining a plun 
ging fire on the covered- way of the besieged work. The mound 
should in all cases be raised so high that the cavalier will have 
a command of 4 feet 8 inches over the crest of the covered-way. 
The position and plan of the cavaHer are shown in Fig. 16. 




Fig. IS. PUn of Saflent of a Oorered-Way and Treneh OaraUer to eommand It A v, Long 
Orotchei, and n o, Short Crochet of Oorered-Waj ; D, Long Branch, and o ■, Short Branch of 
OaTalier; b c, Circular Trench. 

When the trenches are advanced by the full sap nearly within 
reach of grenades thrown by hand, or about 80 yards from the 
salient A of the covered-way, a circular portion of trench, B c, 
is formed, to embrace the prolongation of the crests of the 
salient ; from the extremities of this circular portion the sap is 
run perpendicular to the direction of the crests, to a distance, 
C D, of about 8 or 12 yards, so as to give an enfilading view on 
the covered-way ; at the extremity, D, a vying or return^ B E, is 
made to cover the part c D from the flank and reverse fire of the 
collateral works ; this part, D E, may, in some cases, be arranged 
nearly parallel to the crotchets N o of the covered- way, so as to 
give a fire on them ; but, generally, it serves only to cover the 
branch c n, as has been explained. 

15. There are two modes of constructing the cavalier, depend- 
ing on the nature of the soil. When the excavated earth is of 
such a nature that it can be easily made to stand at any slope, a 



nSLD FOBTIFICATIOir. 198 

profile represented by Fig. 16 is preferred, as requiring less time 
and materials. After having laid out the position of the cava- 
lier by the full sap, the sappers widen the trench 6 feet, and 
make a step at the bottom of the trench 22 inches in height, and 
5 feet 6 inches within the gabion of the parapet ; this step serves 




rig. 18. Section of Trench Carmller In Stiff SoD. 

as a platform on which the sappers mount to level the earth of 
the parapet even with the fascines on top of the first gabion, for 
the purpose of raising a second tier of gabions, which is placed 
22 inches beyond the first. The second tier is filled with earth, 
and crowned with two fascines, and the mound is raised to a 
level with the fascines, by widening the trench to the rear. The 
earth is now levelled even with the top of the fascines, and a 
third tier of gabions is placed just on the outside of the second ; 
it is filled with earth, crowned with three fascines, and the mound 
is raised to a level with the upper fascine. This top tier forma 
the parapet of the work. Loop-holes are made by arranging 
sand-bags on top of the parapet, for the purpase of covering the 
heads of the men whil.st in the act of firing. As the successive 
tiers of gabions are placed, steps, revetted with fascines, are made 
to lead to the top ; these steps have a rise and tread of 22 inches ; 
the top one serves as a banquette. 

16. When the soil excavated is loose, a cavalier made in the 
manner just described would not be sufficiently firm. The fol- 
lowing construction will in this case be used. After having 
traced out the cavalier as before by the full sap, a row of gabions 
(Fig. 17) is placed in the bottom of the trench, along the f(X)t 
of the interior 8lo}>e; this row is filled with earth, and crowned 
with two fiLScines, and earth is filled in between it and the inte- 
rior slope of the trench and brought to a level with the berm. 
A third tier of gabions is placed on this platform alongside of 

18 
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the row forming the parapet of the trench ; this tier is, in like 
manner, filled with earth and crowned with two fascines. The 
second tier of the cavalier is commenced, by placing a fourth 
row of gabions over the joint of the two in the first tier ; this is 
filled with earth, crowned with two fascines, and the mound is 
raised on the exterior to a level with this fourth gabion. A fifth 
row is next placed alongside of the two in the first tier, filled 
with earth and crowned with two fascines. A sixth is then 
placed alongside of the fourth, in the second tier, and arranged 
like the preceding. Finally, the parapet is formed on this 
second tier, by placing a gabion above the joint between those 




Flf. 17. Section of Trench Caraller In Loom 8oQi 

of the second tier, and arranging it as in Fig. 17. The steps are 
made to ascend to the top, by throwing up a -mound of earth, 
on the interior, against the gabionade, and forming the sur&ce 
into steps revetted with fiascines, as in the last case. 

In conducting the operations in both these cases, it will be 
seen that the top of the mound of earth in rear of the gabions 
should be preserved on a level of at least a gabion and a half in 
height below the top of each successive tier of gabions when 
filled with earth, in order to give the workmen ample cover from 
the enemy's fire. 



FIELD rOBTTFICATION. 



fl TTAP TRR n. 

COVERED TRENCHES AKD FASSAOE OF DITCHES. 

17, BUndageB. When a trench has to be pushed forward in 
a positioD where the comoiand of the dangerous point is so great 
that it cannot be sheltered from the plunging fire by traverses, 
it is covered on the top, and on the sides bj fascines and earth 
supported by a framework, and is termed a Blindage (Fig. 18). 



T15.111. 




18. — The frames used, termed blindage fianut (Fig. 19), ara 
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composed of two uprights or stanchions of S inch scaotling, each 
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8 feet 6 inches long and pointed at both ends ; and two horizon- 
tal pieces of the same sized scantling each 3 feet 4 inches long. 
The horizontal pieces are notched upon the stanchions at 12 
inches from each end. The width of the frame from out to out 
is 3 feet 4 inches, the distance between the horizontal pieces from 
out to out, 6 feet 

An auxiliary stanchion (Fig. 20) with a projecting piece is 
used in placing the blindage-frames. 



Hg. 20. 

7^ 



Hg. 90. side deralioD of Assllbiy 

19. Tliis method of obtaining cover is principally requisite 
in trenches which descend towards the dangerous point ; like the 
passages which lead from the trenches on the glacis into the 
covered- way, or to the bottoms of shallow ditches. The manner 
of forming the blindage (Fig. 18), is to set up a row of blindage 
frames along each side of the trench or passages; to connect the 
two rows at top by like frames laid across the line of the trench ; 
to cover the top frames by fiiscines and earth ; and to fill in 
between the side fiiimes and the sides of the trench with fascines. 
The trench is made by the double sap. Its width at bottom is 
7 feet 6 inches. The width between the frames 6 feet The 
frames and fascines of the blindage are gradually placed as the 
trench advances, the latter preceding the former about. 5 feet. 
The work is begun by placing an upright frame on each side ; 
the two are next connected by a frame on top, one side of which 
is lodged on the top cross pieces of the upright frames, and the 
other supported by two auxiliary frames until the next two 
upright frames are placed ; the fascines are then thrown over the 
top frame to the depth of about 2 iee% and theae are oovered 
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vith earth or raw htdex, to prevent their being act on fire. Fas- 
cines are at the same time placed in on the aides. 

no. The slope given to the bottom of a blinded descent should 
not be greater than one perpendicular to four base. When the 
descent is to a covered-way (Fig. 18), the bottom of it shonld 
come out in the covered-way at 43 inches below its terre-plein ; 
this will serve to determine the point of departure, the slope 
being fixed, which should be five feet below the surface of the 
glacis, so that when tlic blindage is put up at this point the top 
of it shall not be above the level of the parapet of the trench. 
A horizontal landing about 8 feet in breadth is made at the 
entrance of the blindage ; and this is connected with the bottom 
of the trench by two ramps of one-sixth. 

21. The point selected for a blinded descent into a covered- 
way is usually at the end of a traverse of the covered-way ; as 
the traverse will thus serve to cover the outlet of the blindage 
into the covered-way from a plunging fire in front 

22. Gallery Descent. A descent to a ditch is usually by 
blindage when the depth of the ditch does not exceed 10 or 12 
feet. For greater depths the commeDcement of the descent is 
by a blindage (Fig. 21), which is continued to a point where the 
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bottom of the descent \a about 9 feet below the surface of the 
ground; here the blindage is terminated, and the remainder of 
the descent is made by gallery, as the depth of the earth above 
the gallery will be sulTicient to allow the excavation to be carried 
on without trouble. In a firm soil, grand gallery frames are 
used fur the descent ; in a loose soil, common gallery frames. 
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The frames used and constructioii of the gallerj are the same as 
for a mine gallery. 

512. The point of departure of a ditch descent is usually taken 
at only about 2 feet below the bottom of the trench ; the usual 
landing being made at this point. In a dry ditch, the bottom 
of the descent should come out at the usual depth of the full 
sap below the bottom of the ditch. In a wet ditch it should 
come out about 15 inches above the water level. 

23. Passage of Dry Ditch. The passage of a dry ditch is 
nothing more than a full sap, which leads from the outlet of the 
descent in the ditch to the bottom of the breach. From this 
point the trench and parapet are directed up the breach to the 
scarp wall, which forms the side of the breach towards the dan- 
gerous point. The only precaution necessary in making this 
passage is to sink the trench at the outset to its full depth of 43 
inches to gain secure cover. 

24. Passage of Wet Ditoh. The passage of a wet ditch 
is a perilous and diflScult operation under any circumstances, but 
particularly so when a strong current can be produced, by the 
besieged, in the ditch. The methods usually recommended are 
to form a dike, or bridge of fascines and hurdles, laid in succes- 
sive layers, and firmly connected by pickets. To form a footing 
for the dike, a grand gallery is excavated, directly behind the 
counterscarp wall, to a distance of 12 or 15 feet on each side of 
the descent, and the earth from it is thrown into the ditch, 
through the outlet of the descent The dike or bridge of fas- 
cines is gradually pushed forward from this point, being secured 
in the best way practicable to the earth thrown into the ditch. 
The sappers who carry forward the head of the dike are covered 
from the fire of the dangerous point by a musket-proof mask of 
fascines and boards, attached to a raft on which they work. The 
dike should be from 12 to 15 feet wide at top. A gabionade 
parapet, formed of two tiers of gabions, filled with earth, is 
placed on it towards the dangerous side. The bottom tier con- 
sists of two rows of gabions each crowned with two fascines, the 
two rows being in juxtaposition; the top tier is a single row 
crowned with three fascines. The top of the dike is covered by 
a layer of earth, and the parapet with raw hides, to prevent the 
effects of incendiary compositions that might be thrown on them. 
£r*1-bridges, on barrels, protected by a gabionade parapet^ have 
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also been proposed, particularly where a strong current is to be 
contended with. 

525. Splinter Proofii. Shelters of the same kind as those 
described in Art. 79, Field Fortification, were used both for the 
guards of the trenches and for the men serving the batteries at 
the sieges of Forts Pulaski and Wagner, and afforded safe and 
comfortable quarters to the men off duty. These should be 
placed adjacent to the points where the men are on duty, and 
in the best sheltered positions from the fire of the besieged. 

226. In addition to this kind of splinter proof, which serves 
tB a temporary barrack for troops off duty, portions of the 
trenches, which are most exposed to the fire of the besieged, 
could be converted into good shelters, by deepening the trench 
to 5 feet, and then laying saplings or logs across it from the 
natural surface, giving them a lean-to against the opposite para* 
pet, and covering them with 8 or 4 feet of earth. 
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CHAPTER m. 

BATTERIES. 

27. Enfilading and Counter-Batteries. These batteries are 
used for destroying tte artillery and traverses, and silencing the 
fire of the defences. Positions are chosen for the enfilading bat- 
teries, from which the terre-pleins of the faces and other lines, 
that bear upon the ground on which the parallels and approaches 
are laid out, can be swept throughout ; the counter-batteries are 
so placed that they can bring a direct, or a slant fire against the 
embrasures of the points to be silenced. The shot from the for- 
mer is thrown with small charges, under small angles of eleva- 
tion, so as to ricochet along the terre-pleins, taking the guns of 
the defences in flank ; the latter fire with fulj charges directly 
against the point to be attained. 

28. As the effects of both direct and enfilading fire vary 
greatly with the range, positions should be chosen for these bat- 
teries as near the defences as they can be thrown up without too 
great a sacrifice of life. Positions which will give ranges 
between 800 yards and 700 yards are the best for smooth bore 
guns ; nearer than 300 yards the workmen would be exposed both 
to the fire of musketry and case shot ; beyond 700 yards the fire 
upon the defences becomes very uncertain. 

29. The greater range of rifled guns gives to the besiegers a 
greatly enlarged zone in the choice of positions for enfilading 
and counter-batteries over that for the ordinary siege train of 
smooth bore guns. This greater range and the greater certainty 
of the fire of rifled guns, are more favorable to counter-batteries 
than to those intended for enfilading ; as the great angles of ele- 
vation under which the guns are fired, to attain the desired 
ranges, give to the projectile, in the descending branch of its 
trajectory, a great plunge, which, although more favorable to 
attaining objects covered by traverses than if the plunge were 
smaller, is less favorable to the 'ricochet of the projectile from 
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which the chief advantage of enfilading with round shot is 
derived. Besides this, the elongated projectiles used in rifled 
guns from the form given to their point are readily deflected 
from their course by very slight obstacles, as a fascine even, 
which also adds to the uncertainty of their effects. At the Siege 
of Fort Wagner it was observed that the heavy projectiles of the 
smooth-bore navy guns were landed with more accuracy within 
the enemy's works, and were more destructive in their ricochet 
than the projectiles from the army rifled guns. 

The judgment and experience of the officer must in these 
cases be left full play in the selection of the position of the 
batteries of these two classes of guns and in their armament; 
bearing always in mind two very important considerations: first, 
that with long ranges and high angles of elevation the projectiles 
will clear all the trenches in front up to a near approach of the 
besieged work without danger to them, except from unforeseen 
accidents; and second, that to secure any decided or certain 
effect from either class of these batteries, there must be nothing 
to obstruct the view of the object to be attained. 

30. The batteries may \ye placed either within the parallels, in 
advance of, or in rear of them. The positions usually selected 
are from 20 yards to 30 yards in front of the parallels ; because, 
if placed within them, there might be mutual interference between 
the service of the batteries and that of the parallels, which is 
often a very serious cause of delay to both the service of the 
batteries and the passage of the troops ; and, unless placed some 
distance in the rear of it, the parapet of the parallel might 
obstruct the shot of the battery, and the troops in the trench be 
annoyed by the fire. 

3L The most effective positions for batteries of smooth-boro 
guns, are in fn)nt of the second parallel of from 300 to 400 yards 
from the point to be reached ; and unless the fire of the defences 
is very destructive, it will be best to place them there. If 
placed in front of the first parallel it may be necessary to shift 
the most of them to the front of the second parallel soon after 
the latter is thrown up; for the third parallel and the approaches 
leading to it fnnn the second paniUel run the risk of being 
attained by shot from batteries at so great a distance in their 
rear as the first panillel. 

32. — ^The site of the platforms of the batteries may either be 
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on the surface of the natural ground, or 8unk below it In the 
latter case the parapet and epaulments are obtained from the 
excavation of the site, and the battery is termed a Sunken Bair 
tery. In the former case the parapet and epaulments are obtained 
from a ditch in advance of the parapet In the sunken battery 
the labor of construction is less, and the men engaged in making 
it are placed more speedily under cover than in the other kind. 
Sunken batteries can only be used, however, when the trenches 
or other elevated points, in advance of the batteries, which lie 
in their field of fire, will not intercept the shot; and, as a gene- 
ral rule, these batteriea should be placed only in positions where 
their field of fire is completely unobstructed by the trenches. 

33. The interior crest of an enfilading battery should be 
nearly perpendicular to the prolongation of the line to be enfi- 
laded ; and be so placed that the shot from all the guns shall 
sweep the terre-plein throughout its entire length. The position 
of a battery that will satisfy this last condition can be readily 
found, as it must evidently lie within the angle formed by pro- 
ducing to the exterior the diagonals of the terre-plein to be swept 
The best position of the guns will be to place one so that its line 
of fire shall be nearly on the prolongation of the interior crest 
of the line enfiladed, and the remainder on that side of this one 
by which the terre-plein will be swept throughout and the guns 
along it be seen by a slant and slightly reverse fire. 

34. In a counter-battery, the interior crest should be nearly 
parallel to the line to be counter-battered. A position somewhat 
oblique to the line, so that the shot of the battery may enter the 
embrasures obliquely, is also a good one for tearing away the 
cheeks of the embrasures, and exposing the guns of the defences. 

35. Whenever a position has to be take up for an enfilading 
or a counter-battery, in which the direction that can be given to 
the interior crest is very oblique to that which it ought to receive, 
it will be necessary to make the embrasures of the battery with 
a corresponding obliquity to the direction of the parapet ; but^ to 
avoid the inconvenience of these embrasures when very oblique, 
it will be necessary to break the interior crest into a serrated 
line, to allow the muzzles of the guns to be run the requisite 
distance into the embrasures ; placing one side of the indent per^ 
pendicular to the axis of the embrasure, and the other parallel 
to it 
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SO. Entlluding batteriea for ricochet are best arnic<i with 
smootli-bora 18 and 24-pouiidePB, and 8 inch howitzers. The 
fire of the guns is mainly directed e^inst the artillery of tlie 
detViicea ; l>iat of the bowitwre to sweep the covered-ways and 
ditchcfi, to d<.'stroy tho palisadings and the trarerees by the explo- 
Biona of the sheila that may lodge in them. Aa a general rule, 
there need not be more than seven pieces, nor eUonld there 
nsaally be lees than three in any one battery; the nnmber 
depending utwn the bearing which the artillery of the part to be 
silenced may havLi ujion the gnjund on which the works of tho 
bcaiegen must be placed. Tlic batteries should be as fur asunder 
aa practicable, so an not to invite a concentration of the fire of 
the defciioi'* upon any point, Vty the accumulation of a large 
Dumber of pieces on it, and thus multiply tlie chances of loss 
both to the troops and malerief. 

87. The greater part of these batteries will oocapy fixed posi- 
tioM during the time they are in use, and which, as has been 
Mattvl, will dqwnd upon tho [tositions occupied by the artillery 
of the bwiiYcd. Other bi>tt«rie8 of lighter calibre, which can 
be easily shifted from point to point, as the exigency may rtqniro, 
eao be uaed in combination with these, by taking advantage of 
any natural covent, or by throwing up alight parapets like those 
in orditiary field works. For lMitleri<« of rifiwl guns, with long 
nuigea, the guns ma* unfely and advantageously be placed in 
barbette. For )>o9ilion9 within motv certain range of tho 
[ IWJ Bged works, the gun» should be pineed in embrasures more 

B open acoonling to the field of fire desired. 

, In computing the extent of front of a battery, an allow> 
) of 18 feet, estimated along the interior creat, is usually 
made for each piece, but for guna of heavy calibre, particularly 
if in barbette witli a wide traverse, the distance may be incrcaa^ 
to 22 feet ; 6 feet arc allowed for each splinter-proof gabioo- 
ade traveree, one of which is placed between every two guns, 
when there are more than three in a battery. The flanks of 
the guna arc covered by an epaulment thrown up on one, or 
both extremities, of the parapet. The length of the epaulment, 
measured along its interior crest, may be from 20 to 80 feeL 
The direction of the epanlment with respect to the parapet will 
dej>end on that of the fire of the defences; as a general rule, itM 
interior creat shuoUi make an angle of about 100° with that of 
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the parapet. When the platforms are on the natural surface, the 
earth for the parapet, epaulments, and traverses is taken from « 
ditch in front of the parapet and epaulments, and parallel to 
their respective directions. A narrow ramp, at the end of each 
epaulment, leads from the natural level to the bottom of the 
ditch, and serves for the convenience of communication for the 
men whilst throwing up the battery. A trench, of the ordinary 
dimensions of an approach, and defiled from dangerous points, 
leads from the extremities of the epaulments to the parallel in 
their rear. 

39. If the embrasures are so oblique as to require an indented 
parapet (Fig. 26), the side or face of the indent, through which 
the embrasure is pierced, should be 22 feet, and perpendicular to 
the axis of the embrasure. The other side, or flank of the indent 
should be 25 feet, and parallel to the axis ; a distance of only 
7 feet being left between these two last lines, to give all the 
thickness practicable to the portion of the merlon that forms 
the outer angle of the indent ; for a like reason the face of the 
indent, at the extremity of the battery, should extend 21 feet 
beyond the axis of the embrasure. These data will serve to 
estimate the total length of the parapet. Its thickness, esti- 
mated from the inner angles of the indent, is 18 feet 

40. The profile of a battery will depend both for its dimen- 
sions and form on the command of the point from which it can 
be attained, apd on the position of the surface of the ground, on 
which it is laid out, with respect to the defences. 

Where the site of the battery is horizontal, and the command 
of the defences over it is within the usual limits of 20 to 30 feet, 
the following forms and dimAisions (Fig. 22), will aflFord ample 




ng. 28. Section of Enfilading Battery through tote of embrMore, the genooDltre and oii«dti 
reretted with gabions and large fascines. 

cover to the men and matSriel of the battery, when the platforms 
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•re on a level with the nataral surface. Height of interior crest^ 
7 foet 6 inches. Thickness of parapet, 18 feet. Interior slope, 
}. Superior slope, j",. Exterior slope, the natural slope of the 
earth. The same dimensions and forms maj be given to the 
epaulments, except the distance between their interior and exte- 
nor crests, which may be reduced to 12 feet when the direction 
of the cpauhncnt is quite oblique to that of the fire of the de- 
fences. In thecontrary case, this distance should be 18 feet. The 
depth of the ditch is taken at 5 feet ; its width will he regulated 
by the quantity of earth to be furnished for completing all the 
parts of the battery. 

41. The axes of the embrasures (Fig. 23), are 18 to 22 feot 




apart, except at the points where splinter-proof traverses are 
p!acc<1, the requi.sitc distance at these jKiitits being 2-i to 28 feet, 
allowing 6 foet for the width of -the base of the traverse. Tho 
sill of the embrasure is 3 fift 6 inches above the platform for 
guns mountcil on the ordinary siege c;irriage ; its sole is parallel 
to the sn[>eri<ir slojie. The moutli of the cmbriiHun; is of a 
trajKiZdidal furm, being 2 fi-et wide at bottom and 3 feet at top. 
Th'" splay of the sole is usually obtained by giving the sides an 
indiniition of I'j with the axis; but when this is inxuflicient to 
afTonl the diniretl field uf fire, tho splay may be inerea-HHi and 
the axis of the ombr;isures placd further apart, to give the mer- 
lons siiffieient tliickneas. The top line of the cheek is obtiuned 
by a-'tling inf along the direction of tho exterior crest, from the 
point where the side of the sole cuta it in projectiua, one-half 
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tte vertical distance between ttese two last lines, and joining the 
point thus found with the exterior point of the mouth at top. 

42. Embrasures of howitzers and guns firing under great 
angles of elevation may receive a counterslope, giving the sole 
nearly the same inclination, from the sill upwards, as the least 
angle of elevation under which it may be required to aim the 
piece. 

43. As the field of fire of a fixed enfilading or counter bat- 
tery is usually limited to a very short portion of the defensive 
line, whereas a large portion of the fire of this line can usually 
be brought to bear on the battery, it will be best to give the nar- 
rowest splay to the embrasures, both direct and oblique, not to 
expose the guns more than absolutely necessary to embrasure 
shots ; leaving to movable batteries the task of keeping down 
any fire of the besieged concentrated upon the fixed battery. 

44. The parapet of the battery and the embrasures are 
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Fig. M. Section of a Sunken Battery revetted with tuKHam, 

revetted either with gabions, fisiscines, or sand-bags ; or with a 
combination of these. 

The requisite slope is given to the gabions of the first tier by 
placing a row of fascines under them, along the foot of the inte- 
rior slope. Another row of fascines is laid on top of the tier, 
along the interior slope, on which the gabions of the second tier 
rest. The requisite height is given to the parapet either by plac- 
ing sods on the top tier, or by earth alone. When sand-bags are 
used they are laid in single courses along the interior slope, and 
as headers and stretchers ; the courses breaking joint To ^ve 
the bags greater durability they should be impr^nated with tar 
before being filled. 

45. It has been found that raw hides will assist in preserving 
the revetments of the cheeks from the effects of the concussion 
produced by the firing. For this purpose, the hide is folded 
with the hair inwards. It is confined to the top of the cheek by 
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pickets driven through it into the tnerlon ; stid at the mouth and 
tbe other rnd of the clieek by pickets driven iolo the revetment. 
The lower end is allowed to hang loose. 




47. The revetment should be adapted to the natore of the 
aoil. In ordinaiT earth or loam, any of the ordinary kinds of 

. roTCtment, when carefully put up and well anchored with pickets 
and withes or strong wire, will etand well in batteries of the 
hnviest guns. But in loose soil and particularly light dry sand, 
tho only revetments that will hold well are those of sods, sand- 
bags, and plnnk. Gabions, fascines, and hurdles are too open to 
told floila of this character. Even when aaiid-bngs are used it ia 
well to keep the revetment well moistened to prevent the sand 
from ccea])ing through rents in the bags. When the sand-bagB 
have been properly anchored, the face of the revetment when 
worn can be readily repaired by introducing sods. 

48. The English have used with success the sheet-iron gabion 
fiw revetting the cheeks of their embrasures, as they etand well 
tiie blast of the guns which none of the others do, particularly 
Ihe oniinary gabions, and sand-bags even, when covered with 
Taw bides. At the siege of Fort Wagner (Figa. 26, 27), the 




■olea, throats, and the portions of the interior tlope wljaoent to 



FIELD IN3BTIFICATI0II. 



the moaths of the embrasures, were revetted with qaarter-inch 
plates of aheet-iron, to about 4 feet back from the mouth, and I 
foot along the interior slope. These parts were firmly fastened 
to each other by angle irons riveted to them. In erecting the 
battery, the sole pieces were first accurately laid ; these were then 
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secured to the cheeks and the inner facing pieces; the merlons 
were then carefully built up with sand-bags and the iron lacings 
anchored firmly into them by means of properly bent rods and 
iron wire. 

49. A very simple mantelet of sheet-iron was devised for 
covering the men whilst in the act of loading and sighting the 
piece. It consisted of a door hung on a borizontal axle fastened 
to it near the top, the ends of the axle resting on a hole in each 
cheek of the embrasure. A lever, which could be inserted into 
a ring fastened to the door at the bottom, projected above the 
top of the door and had a cord fastened to iia upper end, bo that 
by pulling the cord downward the door could be thrown up 
horizontally, or with any desired elevation to suit that given to 
the gun, A rectangular bole, or slot, one foot long and six 
inches wide, was cut in the centre of the door to allow the ram- 
mer to pass whilst loading the gun and for sighting the gun. 
The door was 2 feet 5 inches high, and 2 feet 2 inches wide ; and, 
when down, hung vertically within the throat, just without the 
interior crest. 
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50. The epaulments need not be revetted, their interior slopea 
being made as steep as the earth will stand at The gabion 
revetment, in good soil, is the firmest and most durable of the 
ordinary revetments. When used for the parapet two tiers will 
be requisite. 

6L The splinter-proof traverses (Fig. 28), are formed of two 
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flf. S8. Beetloo of Bpllnter-proof TrmrerM of two ftbloof io thlckaeM. 

tiers of gabions. The lower tier consists of two parallel rows 
of gabions, and is 5 feet wide at the base ; the rows of gabions 
are slightly inclined towards each other at top. The upper tier 
also consists of two rows, which rest on two rows of fascines, 
laid on the first tier, the gabions leaning against each other at 
top. The gabions and the space between them are well filled in 
with earth, which is heaped above the top-tier. The traverse 
may be from 15 to 18 feet long. A passage way of 2 feet is left 
between the parapet of the battery and the end of the traverse. 

52. The platforms arc 10 feet 6 inches wide, 15 feet long, in 
the clear, and receive an upward slope of 7 to 8 inches from the 
heurter to the tail. They are composed of 5 sleepers, each 15 
feet long and 5 inches on the side ; of 12 planks, each 10 feet 6 
inches long and 2 inches thick ; of 2 ribands^ or side-rails^ of the 
dimensions of the sleepers ; and of a heurter. The sleepers are 
firmly imbedded in the ground and secured by stout pickets at 
their ends. The planks are clamped between the side-rails and 
outside sleepers, these pieces being connected firmly either by 
screw-bolts and nuts, or by rack-lashings. 

53. In sunken batteries, the same length of interior crest is 
allowed for each gun as in the preceding case ; but when the 
battery requires splinter-proof traverses, an allowance of 26 or 
80 feet is made for the distance between the axes of the guns 

14 
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separated by a traverse. The position and length of the epanl- 
ments are also determined as in the preceding case. 

64. The trench of the battery (Fig. 26), when first excavated, 
is 16 feet wide at bottom, 3 feet deep in front, and 2 feet 6 inches 
deep in rear. The front is cut down vertically in firm soil, and 
the reverse receives a slope of i. The interior crest of the para- 
pet is 4 feet 6 inches above the natural surface ; the parapet 18 
feet thick ; the interior slope { ; the exterior slope |. A berm 
of 18 inches is left between the parapet and the trench when first 
excavated. 

65. As the dimensions above given to the trench will furnish 
earth only for the parapet, that required for the epaulment is 
taken from a ditch 5 feet deep exterior to it ; and a small portion 
of ditch is made exterior to the parapet, and opposite the posi- 
tion of each splinter-proof traverse, to provide the earth requisite 
for the traverse, and which is taken from the trench. 

66. The* front of the trench is revetted with fascines. To put 
up this revetment the trench is widened by cutting away the 
front, nearly to the Width of the berm, and almost vertically. 
This will admit the muzzles of the guns to be run well into the 
embrasures. 

67. To avoid the labor and expense of revetments, it has 
been proposed, neither to revet the portion of the trench border- 
ing the epaulment, nor the interior slope of the epaulment ; but 
to leave a berm at this part, 8 feet wide, when the trench is in 
course of construction, and, afterwards, to give both to this por- 
tion of the trench and the interior of the epaulment as great a 
slope as the earth will stand well under. 

68. When splinter-proof traverses are requisite, a portion of 
the ground 6 feet wide, on which the traverse is to stand, is left. 
The traverse is made by first placing two parallel rows of fas- 
cines at 6 feet apart, on which a tier of gabions, also of two rows, 
rests ; the gabions being so inclined as to touch at top. The 
gabions and the void space between them are filled wi^ earth, 
which is heaped up above them to the same level as the interior 
crest. The sides of the trench bordering the traverse are cut to 
a suitable slope and .revetted with fascinea A passage of 2 feet 
is left between the gabionade of the traverse and the interior 
slope of the parapet 

69. To provide against rainy weather, two or more holes 
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should be dng at sucb pointa of the trench of the battery tm may 
be found most coDvenicnt to receive the vater that collects in 
the trench ; and precautions should be taken to prevent watet 




from being received into the battery trench either through the 
communicntions leading to it, or from the natural surface. 

60. Po^rder Magazinea. The powder magazines arc usually 




placed SO feet in rear of the pampct of the battery. The ceil- 
ing of the magazine should not be more than a few inches above 
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the natural level. The interior height need not be more than 5 
feet The width may be 6 feet, and the length 12 feet in the 
clear. The sides of the magazine may be formed of frames and 
sheeting boards ; or, of a row of gabions crowned with two 
courses of fascines. The magazine is covered at top by splinter- 




tig. 81. SecUon on o o. Jl'\ Interior of magazine ; o", Telegraph office; a", Band eorering; 
T", Vent. 

proof timbers, 6 by 9 inches, laid in juxtaposition and covered 
with at least 3 feet of earth, both on top and on the sides towards 
the parapet. A passage leads into the magazine on the side from 
the parapet, which is reached by one or two inclined trenches. 

6L To give security from the heavy projectiles of rifled guns, 
the timbers of the framing and top ceiling of magazines should 
be from 12 to 15 inches in diameter ; and every exposed side be 
covered with from 6 to 8 feet of good soil. In marshy soils a 
good bed of brushwood, compactly laid and covered with sand 
or rammed loam, or else one of two thicknesses of plank, should 
be used for the frames to rest upon. It would be well, in like 
cases, to give an inside as well as an outside sealing of planks, 
closely jointed to prevent the infiltration of water. 

62. In view of the loss of life and injury done to batteries 
by the explosion of magazines, it would probably be better to 
place them 30 or 40 yards on either flank of the battery, secur- 
ing them well from the fire of the besieged, and giving them a 
safe separate trench of communication with the battery. 

63. Mortar Batteries. There are two kinds of mortar bat- 
teries used in the attack : those for mortars throwing shells ; and 
those for mortars throwing baskets of stones, or other like pro- 
jectiles. Besides these, there is the Coehom mortar, which, from 
its small size, may be placed in any unoccupied comer of the 
trenches within their range from the besieged works. The first 
kind of batteries may be in front of the first and second paral- 
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lelp, or on any other points farther back. The positions chosen 
for them should be such as to bring as great a portion of the 
defences under the direction of their fire as practicable, to 
increase the chances of destructibility of each shell thrown. 
The second kind are usually placed in front of the third par- 
allel, mainly with a view to annoy the covered-ways and parts 
adjacent. 

63. The platforms of these batteries may be laid on the natu- 
ral surface, in which case, the same forms and dimensions will 
be given to the parapet and epaulments of the battery as in gun 
batteries; but as the mortars must be set so far back from the 
parapet as to enable the shell to clear the interior crest by about 
8 feet, a revetment will not be necessary, and the parapet may 
receive as great an interior slope as the earth can be made to- 
stand under firmly. 

The front of a mortar battery is estimated, by allowing 15 feet 
for each mortar, and 6 feet for each splinter-proof traverse. 

64. These batteries are usually sunk below the natural sur- 
fiice, since even several teet difference of level in the position of 
a mortar will have but little eflfeoi on the range, or the trajectory. 
The profile suitable for such positions, under ordinary circum- 
stances, is the following. Width of trench at bottom, 13 feet 6 
inches. Depth in front, 3 feet 6 inches. Depth in rear, 4 feet 
Reverse sloj)e, i. Front slope, 2 feet base. Ileight of parapet, 
4 fe<;t. Thickness of parapet, 18 fi^ct Iferm, 1 foot 

The earth for the epaulment is tiken from an exterior ditch ; 
and, when splinter-proof traverses are required, portions of 
ditches are made opposite to their position to furnish the requi- 
site earth. 

65. The platforms of mortars are 7 feet 6 inches long, by 6' 
feet 6 inches wide. They are composed of two ground-sills, 7 
feet 6 inches long and 6 inches square ; five sleepers, 7 feet 6 
inches long and 6 inches square; two side-rails, 7 feet inches 
long and 4 inches square; eight planks, each 6 feet 6 inches 
long and 4 inches thick. The ground-sills are laid horizontdly, 
and firmly imbedded in the ground at 4 feet 6 inches apart, and 
transversely to the sltvpers. Uj>on these the sleepers rest ; each 
being confineil by two strong pickets near each end. The planks 
are confined to the sleepers in the same manner as in gun plaU 
forms. 
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Mortar and other batteries for firing loaded shells, are pro- 
vided with bomb-proof shelters for the men who load the sheila, 
and others also for the loaded shells. These shelters may be 
placed in the epaulments of the batteries, under thick traverses, 
or in any position most convenient for the service of the 
battery. 

66. Observatories. For the purpose of observing the flight 
and effect of the projectiles, a look-out is arranged on one of the 
flanks of the battery ; in most cases the end of an epaulment 
will afford a safe point, where a secure shelter of sand-bags can 
be so made as to enable an oflBcer with a field glass to note the 
range and eflfect of the fire, so as to regulate it and give the 
greatest efficiency. 

67. Breach Batteries. Exposed revetments of masonry may 
be breached by heavy smooth-bore guns, at ranges from 400 to 
600 yards, and batteries thrown up in such cases are in all 
respects like those for enfilading, or counter-battering. 

68. When the revetments are covered from distant fire by an 
earthen mask, the breach batteries must be placed on the borders 
of the ditch, either on the glaJbis, or on the terre-pleins of the 
defences, at points where no obstruction will intervene to pre- 
vent the fire of the guns from being directed at a point of the 
wall to be opened low enough to form a breach which shall be 
practicable to the ascent of an assaulting column. 

69. The results of the recent sieges of Forts Pulaski and 
Wagner are conclusive upon the question of the vulnerability 
of the best masonry to rifled projectiles at long ranges. The 
former work was breached with 30-pounder rifles at about 1700 
yards, and General Gillmore, in his report, expresses the opinion 
that the best constructed brick revetments can be breached with 
satisfactory rapidity at ranges of 2,500 yards. The range of the 
batteries of 8 and 10-inch Parrott guns against Fort Sumter was 
from 3,500 to over 4,000 yards, from which every vulnerable 
part of this work that could be reached from th^ batteries was 
laid in ruins. 

70. The effect of these projectiles fired with long ranges under 
great angles of elevation, upon scarps covered by earthen masks 
placed some distance in advance of the scarps, cannot fail to be 
productive of much damage wherever the projectile attains the 
scarp, although from the uncertainty of the fire on a hidden 
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Exceptional cases of this character demand a special study on 
the part of the engineer to devise the best mode of meeting their 
requirements. 




fif. n (8m Par. 89, page V^) PUui of an IndenUd or CramaUlUro BoDken Battoiy on a 
CaoMwajr fmm AO to 60 feet wide, a b. Line of direction of fire ; 0, Conlraelkm of rear of 
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the direction of their fire may be as nearly perpendicular as 
practicable to the line of wall to be breached ; and where these 
lines are oblique to each other, the obliquity should not exceed 
45^, otherwise the eflfect of the shot will be greatly diminished 
and the operation retarded. 

75. Besides the breach batteriesf it may be necessary to place 
counter-batteries on the glacis. Their object will be to counter- 
batter and silence the artillery of those portions of the defences 
which can be brought to bear on the breach batteries, or on the 
passages of the ditches. These counter-batteries will usually bo 
so placed as to fire along the ditches of the defences. Their 
arrangement, in all respects, will be the same as that of the 
breach batteries. 

76. When the site of a battery is marshy, the construction 
of the parapet and the laying of the platforms require great care 
to give them the requisite strength and firmness. Each of these 
parts should receive a firm bottoming of two layers of long fas- 
cines, 12 inches in diameter, the border for a breadth of 2 or 3 
feet receiving a thickness of 3 or 4 layers, the first well covered 
with sand or rammed clay, if they can be obtained, before plac- 
ing the second layer, which should cross the first at right angles, 
and be well picketed to it On this bed the parapet is raised, 
and, if the adjacent soil of which it is formed is very wet, layers 
of smaller fascines may be advantageously used at different 
heights to prevent the wet soil from running. The site of the 
guns should be covered, to a depth of at least 6 inches, with 
moist sand, or good loam well rammed, to receive the platforms ; 
which, like those at the sieges of Forts Pulaski and Wagner, 
should rest on a bed of plank, over which the weight of the 
guns should be well distributed by the under timbers of the 
platform. 

77. On a site of solid rock the only means that can be well 
employed for constructing the parapet is sand-bags. K the sur- 
face of the rock on which the platforms are to rest, is too uneven 
or too much inclined to be easily levelled by hammers, it will be 
necessary to fill in the space required for the service of the guns 
with earth or sand, and to use a cribwork if necessary around 
the border of the interior to confine the soil, which, as in the 
case of a marshy soil, should be well rammed and levelled before 
laying the platforms. 
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Exceptional cases of this character demand a special study on 
the part of the engineer to devise the best mode of meeting their 
requirements. 
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CHAPTER IV. 

SIEGE OPERATIONS — ATTACK. 

78. Under this head are included all the operations which 
are usually necessary for attacking and reducing a fortified posi- 
tion by the method of regular approaches. 

These operations are classified under three distinct and general 
heads, termed periods of the siege. 

79. The First Period comprises all the movements of troops 
and other necessary measures which are taken to cut ofi* com- 
munication with the position from without, termed the Invest- 
menij and to establish the besieging force in a secure position 
from the attacks of the garrison of the besieged place, and from 
any force that might attempt to give it succor. 

The Second Period comprises all the operations from the first 
breaking of ground for approaching the place, termed the Open- 
if^ of tfie TrencheSj to the completion of the third parallel, or 
gaining a position from which an open assault, if deemed advisa- 
ble, may be attempted against the most advanced and weakest 
of the besieged works. 

The Third Period comprises all the subsequent operations to 
the surrender of the place. 

These divisions, although of an arbitrary character, it will be 
seen from the nature of the operations, present three quite dis- 
tinct phases of sieges generally. 

FIRST PERIOD. 

80. As a siege is an operation of considerable duration, it 
supposes that every preparation, bothlm troops and maiSriel, 
has been carefully made, and all the necessary measures for 
carrying it into effect have been well matured before the besieg- 
ing force is put in motion. 

These measures consist — 1. In ascertaining, as far as practica 
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ble from every source of information, the strength of the work 
to be besieged ; that of its garrison, and its means for supporting 
a siege, as to provisions, munitions of war, etc. 2. In investing 
the place by a sufficient force to cut oflF its communications from 
without 3. The marching and posting of the entire besieging 
force in position around the besieged work. 4. In securing the 
positions taken up by suitable intrenchments against assaults 
either by the garrison or a succoring force. 5. In making every 
necessary preparation for opening the trenches against the place. 
6. And finally, in deciding upon the points of the besieged work 
against which the approaches are to be made, and which is termed 
the Point of Attack, 

8L Investment. The main objects of this operation are to 
cut off all communication between the garris^m and the exterior; 
to prevent succors of every kind from being thrown into the 
work ; to sweep oflf everything in ita vicinity diat might, in any 
way, be serviceable to the garrison ; and, finally, to cover a close 
reconnaissance of the defences by (engineer and other officers, 

82. For the successful attainment of these ends, the invest- 
ing force, which should be mainly if not solely composed of 
cavalry, moves upon the work with celerity and secrisy ; and, 
after surrounding and securing all avenu(*s to it, sends out detach- 
ments to scour the environs up to the very gates of the work, if 
practicable, and bring oft' with them, or destroy all persons, cat- 
tle, provisions, etc., met with. A chain of posts and sentinels is 
in the mean time estiiblished in the best |X)sitions to prevent all 
access to the work, or egress from it ; care being taken to 8<*lect 
for the pasts points which are not exposed to the artillery of the 
work, or are beyond its range. The posts occupied by the troops 
during the day-time, and termeil the Daily Cvrdon^ are shifted 
at (lark, and points nearer the work are taken up, to form the 
Nightly Cordon and hem the work in more closely. The [K)ets 
and sentinels for this purjx)8e should be pushed as far forward 
as they can find shelters from the musketry of the di'fenc(*s ; and 
under their prot4.'eti()n the reconnoitring officers should spare 
no efforts to gain an exact idea of all the ground exterior to the 
work, and of the character of the drfrna^. 

83. Posting Besieging Force. The main body of the besieg- 
ing army, with the engineer and artillery siege trains, follows 
closely u|K>n the investing corj)s, to pR»vent the line taken up by 
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the latter, which, from its extent, is necessarily weak, from being 
forced either by the garrison, or by strong detachments from 
without The positions for the camps of the various corps are 
designated by the commanding general, after a careful reconnais- 
sance. These are placed beyond the range of the heavy artillery 
of the works, with their color fronts facing from the works ; and, 
as far as practicable, on points favorable to the health and com- 
fort of the troops, and the defence. Whenever natural obstacles, 
as marshes, rivers, etc., occur between the camps they must be 
crossed by good lines of communication, so that no impediment 
may be offered to the speedy concentration of the troops upon 
any point threatened from without 

Besides the positions taken up for the camps, the besieging 
force will also occupy all points exterior to the camps, within 
cannon range, by which they are commanded, securing them 
by field works of suflScient strength to subserve the end in 
view. 

84. Intrenohments of Camps. The front and the rear of 
camps are also secured by lines of field worksl The exterior 
line of works, termed the Line of OircumvaUaiian, should form 
an unbroken line of intrenchments composed of the most sim- 
ple elementary parts, as tenailles, redans, etc., with a slight pro- 
file ; its chief object being to prevent succors of small detach- 
ments from slipping into the place. The interior line, termed 
the Liru of CountervaUation^ is composed of detached works, 
which, if the garrison is stix)ng, should be in defensive relations. 
The main points which should be occupied by these works are 
the principal avenues to the defences, and the positions selected 
for the parks of the siege train ; to secure these points from the 
attempts of the garrison, and to render the entrance of large 
convoys into the defences impracticable. 

The lines are so placed as to leave a space of about 200 yards 
between them and the front and rear of the camps. 

85. When the great extent of ground that must be taken up 
by a besieging force, in the investment of any considerable posi- 
tion, which requires to be entirely surrounded to cut off all com- 
munication between it and the exterior, is taken into considera- 
tion, particularly now when rifled guns have acquired such long 
ranges, it will be seen that complete lines of circumvallation will 
be seldom practicable, and in most cases must be of too weak a 
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character to serve as an intjenched defensive position for the 
besieging force to receive battle within them. 

Accordingly, in the later sieges in Europe, continuous lines 
of circurnvallation have been seldom resorted to; the besiegers 
contenting themselves with occupying only the main points of 
their position by field works, and giving the intervening space 
such protection as could be afforded by strong patroles and posts. 
This departure from former practice arose, in most cases, from 
the want of strength of the besieging force, and was frequently 
attended by the very events against which lines are chiefly 
effectual in guarding. As a field of battle against a succoring 
force of sufficient strength to cope with the besieging army, a 
position taken behind a line of circurnvallation is but in rare 
exceptions eligible, a maxim that applies to all extended and 
weak lines ; and in almost every case, where a serious effort has 
been made against such positions, it has proved successful, and 
has entailed heavy loss on the besiegers. But, it must bo 
repeated, as this is not the object of these lines, they are not 
open to this objection ; and, as they have been found serviceable 
for the sole purpose to which they should be applied, they ought 
to be thrown up in all cases where the means of the besiegers 
will admit of it 

86. Army of Observation. No important siege, however, 
should be undertaken where there is danger from a heavy suc- 
coring force from without, unless the besieging force is of suffi- 
cient strength not only to keep the garrison within their works 
whilst the ordinary siege operations are pushed forward, but to 
detiich a force of sufficient strength to observe the movements 
of any body that may seem large enough to threaten the besieg- 
ing force and to hold it in check long enough, if attacked, to 
concentrate the entire force on some favorable defensive position. 

87. Preparations fbr Opening the Trenches. Whilst the 
besieging force is occupied in arranging and securing their camps, 
a portion of it is employed in preparing the trench materials, 
establishing the parks, and getting everything in order prepara- 
tory to breaking ground against the defences. At the same time 
close reconnaissances and careful instrumental surveys are made 
by the staff corps, to obtiiin data for a map of the defences and 
their environs, with a view of drawing up a plan of attack. 
With this object the bearing and prolongations of the faces and 
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capitals of all the defences should be carefully laid down ; the 
character of the defences on everj? assailable point noted ; that 
of the parts bearing on these points, and the nature of the ground 
over which they must be approached. 

88. The parks, magazines of powder, and other dep6tSj should 
be placed on the most secure points, beyond the range of the 
heavy artillery of the defences, and, if practicable, should be 
hidden from their view. The points selected, if not in the 
immediate neighborhood of the ground on which it is decided to 
open the trencnes, should have avenues of easy access to it, for 
the transportation of whatever may be requisite in carrying for- 
ward the works of attack. 

89. Point of Attack. After obtaining all the information 
that can be had from reconnaissances, surveys, and other sources, 
the next object is to decide upon the portion of the defences 
which it will be necessary to gain possession of to force the garri- 
son to a surrender ; this portion, which usually embraces one or 
more fronts of the position, with the outworks and any advanced 
works that may be connected with them, and which must be 
reduced before the points of the main work can be assailed, is 
termed the Point of Attack. 

90. It is in the choice of this point — a decision which mainly 
rests with the commanding officer of the engineers — that the 
judgment and skill of this officer are shown. In making this 
selection, not only must the relative strength of the various 
points of the defences which are accessible be carefully weighed, 
but the nature of the site as to soil, natural sur&ce, etc., upon 
which the trenches and other works of the attack must be laid 
out, and the facilities aflforded of an easy communication between 
the parks, depdts^ etc., and the point selected. 

9L In considering the strength of the defences, those parts 
are regarded as unassailable by the ordinary measures of an 
attack, which border upon precipices, marshes, a water-course 
that cannot be forded ; or are protected by works on inaccessible 
points, the fire from which sweeps in fiank and reverse the 
ground over which, the trenches must be run. Those parts, 
again, are considered as oflFering peculiar difficulties which pre- 
sent a series of works in good defensive relations which can only 
be carried in succession ; or works which are mined ; or those 
which have their ditches arranged for a play of water; which 
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have ilry ditclies of unusual doplh ; or, those parts where tha 
works to be carried are displayed on a right line, embracing 
aearly the same extent of front that the besiegers can take up 
with their trcnchea; or, finally, portions which present a concave 
front to the attack. 

82. The points which are looked upon as most advantagcoaa 
to the attack are those in which the general combination of tlie 
works forms a salient point with respect to the rest of the 
defences; as a point so situated can receive but little support 
from the collateral portions, and can be enveloped by a lino of 
trench of much greater extent than itselt^ along which positions 
can be obtained for enflhuJing and other batteries, the fire of 
which will be convergent upon that of the defences. 

B8. As regards the sit« on which the trenches and other 
works most bo laid out, the difScuIticfl presented to their eon- 
strudion by bare rock, marsh, or hard stony ground, may bo 
readily appreciated ; as cover can only be had on the two first 
by bnni^ng the earth from a distance to form the parapets, dikes, 
etc., and on the last not only from the groat labor requisite in 
digging tha trenches, but from the annoyance and injury to the 
troops from the fragments of atone scattered in all directions by 
tbe shot of the defences. 

84. Bui, besides these icatarcs, there arc othcia, leas obvious 
which should be taken advantage of or bo avoided, as favorabi 
or olherwiao to the construction of the works of the attack. A 
aarface, for example, which slopes or falls away towards tho 
defences, if commanded by them, is unfavorable both to tha con* 
■traction of trenches and batteries ; as, to gun su^cient cover, 
both the pam)>ct and trench will liave to receive dimensions 
grenter than under ordinary cireumstances; and the defilement 
of ^preaches run upon it will also be lees easily effected. A 
forftcc which rises towards tlie defences is very favorable buth 
for gaining cover speedily, and for defiling with advantage the 
approaches ; but is less so as a site for batti^rics if the slope is at 
ail steep. An undulating surfnco may offer, in some [Hiints, 
natural oovers, and l>o at other points favorable as siti.<a for bat- 
teries; this will depend upon tlie position of the undulation of 
the surface with respect to the fire of the del'enees. A ritlge, for 
cjcmmplc, leading out from the defences, whilst it would proscnt 
a oover to tbe works on oiie aide of it from tbe firs of tbe 



224 FIELD FORTIFICATION. 

defences, on the other, would expose the trenches on the other 
side of it to a plunging fire from the same points. A narrow 
valley similarly placed would be very unfavorable, as both of its 
sides would be exposed to a plunging fire. 

Eolling ground, where the valleys and ridges are sensibly par- 
allel to the point of attack, if the ridges cover well the valleys 
to their rear from the fire of the besieged works, will offer excel- 
lent shelter and great facilities for pushing forward the works. 



SECOND PEBIOD. 

95. Plan of Attack. The plan of the attack, or the positions 
which, upon a careful examination of all the information at the 
disposal of the officer commanding the besieging force, it is 
decided to give to the parallels and the approaches, and the means 
to be employed, at the successive stages of this period, for throw- 
ing up and guarding all the works of the attack, will necessarily 
depend upon the natural features of the site over which the 
trenches are to be run, and the defences of the besieged which, 
in any manner, have a bearing upon the trenches. 

96. Vauban, whose great experience and success in conduct- 
ing sieges has made him an authority on this subject, has laid 
down certain precepts upon it, of which sieges conducted sub- 
sequent to his time have confirmed the value. The follow- 
ing are those which chiefly bear on the Second Period of the 
attack : 

1. To delay the opening of the trenches until the besieging 
forces are all well posted, and made secure by fortifications from 
an attack either from the garrison or from a succoring force ; and 
until every thing requisite for carrying on the work vigorously 
has been collected and is ready at hand when wanted. 

2. To make a single attack rather than a doable one unless 
the two attacks can be well connected and the besieging foroe 
exceeds considerably in strength the garrison. This, as a mat- 
ter of course, excludes false attacks, and doable separate attacks, 
unless the superiority of the berieging foroe is very great. 

By a single attack is understood one by which it is proposed 
to gain possession of the main work by a single breach at some 
point; by a double attack it is proposed to effect two breaches 
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of the main work. The advantage of the latter lies in forcing 
the garrison to divide their strength for the defence of the two 
broaches, whilst the assailing forces, being under one leadership, 
can at any moment concentrate if necessary upon the point most 
favorable to their assault 

8. To embrace within the parallels and approaches all the 
defence>s which bear upon the site to be occupied by the besie- 
ger's works, in order to have secure f)ositions for establishing 
the batteries that may be required to silence the fire of these 
defences. 

4. To multiply the approaches, with the view of giving mutual 
support, loss encumbered communications, and dividing the fire 
of the defences, which, if concentrated upon a single one, might 
soon destroy it. 

5. To throw up at least three main lines or parallels, placing 
them in the best positions for mutual support and for guarding 
the approaches and batteries from sorties of the besieged. 

6. To avoid attacking a point upon which the approaches can 
be run only on a narrow front; or one which can only be 
approached over marshy ground, or on causeways. 

7. To be careful not to push forward any portion of the 
trenches until they are well flanked and protected by trenches 
in their rear which are completed and occupied by troops. 

8. To avoid encumbering the approaches with trench mate- 
rials, tools, workmen, or troops; placing all of these in the 
parallels, on the right and left of the approaches, so as to be 
ready at hand when wanted, and to be rapidly sent forward 
through the trenches of the approaches which should be kept 
free for this purjwse. 

9. To place the ricochet batteries in such positions that they 
can have an enfilading and slant reverse fire upon the guns of 
the defences to be attained by them. 

10. To n»frain from opening fire from any series of batteries 
until it can be done at the same moment from all of them. 

In connexion with this and other siege operations, Vauban 
remarks, that precipitation in sieges does not hasten the close of 
them, but often pn)longs them and renders them more bloody. 

11. To employ the fire of the batteries and trenches, rather 

than open assjiults, to drive the besieged from their defences, 

before attempting to occupy them by the besieging force. 

16 
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12. When it is decided to make an open assault, to do so by 
day, if there is no portion of the fire of the defences, which bears 
npon the point to be carried, that is not completely kept under 
by the fire of the batteries and trenches ; but, in the contrary 
case, when the fire of the defences is not completely kept under, 
to make a night assault. 

18. Not to attempt an obstinate resistance to an open assault 
of the besieged upon any unfinished portion of the trenches ; 
but rather to withdraw the workmen and the few troops near 
them, to some point behind the parallel immediately in the rear, 
and then to open a vigorous fire from it upon the assailing 
force. 

14. To keep within the cover of the parallels when the assail- 
ant is advancing to the assault, and leave him to expose himself 
to its fire as long as he pleases, and then, when he is well cut up, 
and has got thrown into confusion, as he necessarily will at 
night, in the trenches that he may have carried, to fall upon him 
with the bayonet and drive him out 

15. Not to push such charges too far from the parallel, but to 
retire promptly, so soon as the assailant has fairly taken to flight, 
within the cover of the parallel, so as not to draw the fire of the 
besieged works. 

These general maxims of Vauban are the teachings of a wide 
experience, and of a mind peculiarly endowed with a just per- 
ception of the demands of this branch of the military art. It 
may safely be averred, wherever they have been carefully 
attended to and an adequate besieging force has been provided, 
that success, at the least expenditure of time and blood, has 
been the result; whereas, many and striking examples show 
the contrary to have obtained where they have been unheeded. 

97. Parallels. Vauban, in his maxims, prescribes that there 
shall be at least three parallels, or places-of-arms to be occupied 
by the troops of the besieging force immediately on duty, with. 
a view to meet any sorties of the garrison on the b^eger's 
works ; and further, that these parallels should embrace so wide 
a front as to control all the defences which bear in any manner 
upon the ground over which the besiegers will have to run their 
trenches. 

98. 1st ParalleL In Yauban's time, and to within quite a 
recent day, it was considered that when the site was completely 
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exposed to the fire of the besieged, the 1st parallel (Fig. 82) 
might be laid out at about 600 yards from the most advanced 
points of the defences to be embraced within it, and concentric 
with a line joining these points, and extended so far each way as 
to guard all the batteries thrown up along its front to silence the 
fire of the defences, from assaults in front and on either flank of 
the parallel. This position of the 1st parallel, Vauban makes 
dependent on the site, as affording more or less of shelter from 
the fire of the defences ; and, at the celebrated siege of Sebasto- 
pol, the French established their 1st parallels at two separate 
points, the one at nearly 1000 yards, the other at nearly 1800 
yards from the defences ; and the English, in their attack, also 
placed their 1st parallel at nearly 1800 yards from the defences 
in their front. This departure from usage was owing to the 
great calibre of the guns and the large quantity of fire of the 
Kussian defences. Instead of three parallels, the French found 
it necessary to throw up seven, the nearest of which to the Rus- 
sian defences was about 80 yards, when the final open assault 
was made from it upon the key point of the Russian position. 

99. The greater range and accuracy of fire of rifled guns 
will necessarily lead to establishing the first batteries against the 
defences at much greater distances than formerly, when smooth 
bores were alone used ; and assuming the 80-pounder, as the 
probable largest ordinary calibre of siege guns for the attack, the 
first batteries will probably, in future sieges, occupy positions at 
from 2,000 to 8,000 yards from the defences. These distances 
will secure for these batteries, what is essential for all those of 
the attack, a good range for destroying the artillery of the 
defences, and security, if properly guarded, either by placing 
them within strong enclosed works, with sufficient troops to 
defend the works, or by troops occupying trenches so disposed 
as to meet a front or flank attack on the battery. Anything 
like a continuous line of parallel would seldom be requisite at 
this distance, as the garrison would hartlly venture sorties so fkr 
from their defences. Besides which, considering the great extent 
of front that the batteries would have to embrace at this dis- 
tance, to control all the fire of the defences, it would require too 
great a length of continuous entrenchment 

100. 2d ParalleL Tactical considerations require that, in 
the establishment of the successive parallels, the one most 
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advanced should be laid out nearer to the one in its rear, by 
which the workmen completing the former are protected, than 
to the defences ; so that it can receive timely succor against an 
assault upon it by the besieged. 

Considering the first line of batteries and trenches as a Ist 
parallel, the position of the 2d parallel may be safely placed at 
1,000 yards in advance of it ; that is, nearer to it by 100 yards 
or more than to the defences. 

101. 3d Parallel. As it is usual to place the 3d parallel (Fig. 
33) so near to the defences as to bring the covered ways, or other 
most advanced defences, which may be assaulted openly, within 
range of stone mortars, placed in batteries either within or in 
front of this parallel ; its position, for this object, should be some 
60 yards from the salient points of the most advanced portions 
of the defences, so as to bring their interior within the range of 
the stones and other missiles thrown from the mortars. 

102. Demi-Parallels. In giving the 3d parallel this position, 
there will be a wide zone of ground between it and the 2d par- 
allel, over which the approaches connecting these two parallels 
must be run, which would be very much exposed to the sorties 
of the besieged, as well as the 3d parallel, were its protection 
left to troops stationed as a guard in the 2d parallel. To provide 
protection for these approaches and for the 3d parallel, whilst in 
process of construction, ends of trenches, termed demi-paraHels^ 
are run out, on the right and left of the lines of the approaches, 
far enough to contain sufiicient bodies of troops to protect the 
men working on the trenches in advance of them from sorties. 

Tie positions of the demi-parallels will be regulated by the 
same tactical considerations as those which regulate the positions 
of the parallels. The length to which they should be extended 
on the flanks of the approach, will be regulated by the number 
of troops that it may be deemed necessary to post within them, 
and also from the consideration that they shall not obstruct or 
be endangered by the fire of any batteries to their rear. 

103. Approaches. The successors of Vauban followed np, 
as far as practicable, the methodical stages in conducting the 
attack founded upon his long experience ; and which consisted 
in a single, or a doutle connected attack ; approaching the points 
assailed by as many lines of communication, directed upon 
them, as circumstances seemed to demand, and protecting these 
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approaches by three continuous main lines of trenches, termed 
the parallels, and several portions of parallels, termed demi-par- 
allels, placed between the second and third parallels, all of them 
so placed as to be in good tactical relations to each other. 

104. The approaches were usually run in zigzag direction* 
towards the salients of the defences, crossing the lines of the 
capitals of these salients ; the front of each approach gradually 
contracting as it was advanced towards the salient; and each 
boyau of the approach receiving such a direction as not to expose 
it to an enfilading fire from any p)oint of the defences within 
cannon range. 

105. In addition to the communications between the parallels,, 
two or more lines of approaches were run, from the positions 
selected for the depots of the trenches, to points of the Ist par- 
allel convenient for the supplies for this and the other lines of 
works. These were also usually run in the direction of the capi- 
tals of some two or more of the salients. 

106. Besides giving the boyaux directions unfavorable to an 
enfilading fire from the defences, each one was extended some 10 
or 12 yards back, to the rear of the one behind it, so that should 
the besieged endeavor to take up a temf)orary position, exterior 
to his main defence**, each boyau would still be covered by the 
portion of the one in advance of it run to the rear, not only from 
an enfilading, but from any slant reverse views, except from 
points so far beyond the defences as to make their temporary 
occupation very perilous to the besieged, from their exposure to 
open assaults. 

107. The pasitions given to the approaches along the capitals 
are not obligatory ; but will generally be found to offer more 
advantages than any other that could be given them on ground 
entin»ly unobstructed. In the first place, the capitals are the 
shortest lines from the parallels to the salients of the defences. 
In the second, by running the boyaux across the capitiils, and 
gradually diminishing the extent of their front, the entire 
approach will be better flanked by the fire of the parallel in its 
rear : will Ik; in a position to receive but little if any of the fire 
which is delivered from the two faces of the salient u[X)n which 
it is run ; will be out of the line of fire of the batteries enfilad- 
ing these two fac<'S ; and will usually be in the most favorable 
poiiition to defile each boyau from the fire of the besieged*. 
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108. The front occupied by each approach will depend upon 
the length given to each boyau. As a general rule, the boyaux 
should not receive a greater length than 100 yards, in order not 
to expose too long a line to tempt th^ besieged to enfilade it ; 
and the approach may be started at the 1st parallel with a front 
of 60 yards, which should be gradually narrowed, so as to have 
a front of about 30 yards at the position of the 8d parallel. 

109. Batteries. The batteries used for this period of the 
siege consist of two classes, fioced and movabk. The fixed bat- 
teries will contain the siege guns and mortars of the heaviest 
calibre and longest range ; whilst the movable batteries will con- 
sist of field guns and small mortars which can take up tempo- 
rarily any favorable positions for damaging the defences. 

110. As a general rule the fixed gun batteries should be 
placed in enfilading positions whenever such can be found for 
them, delivering their fire always within the interior slope of the 
face enfiladed, and in preference taking a slant reverse direction 
on the terre-plein of the face. Parts of the defences which can- 
not be reached by enfilade must be counter-battered by batteries 
which can obtain a full front or a slant front view upon them. 

IIL The mortar batteries will receive such positions as are 
most favorable for reaching the interior of the defences ; prefer- 
ence being given to those in which the longest lines of the 
defences can. be brought within the range and direction of the 
shells-, avoiding, whenever practicable, throwing them across 
the positions occupied by the approaches, so as to insure a shell 
being landed within some point of the defences, and to avoid the 
accidents from shells falling short of their butt or bursting pre- 
maturely. 

112. The positions of the fixed batteries of rifled guns and 
heavy mortars, will be usually along the position of the 1st par- 
allel and some 80 or 40 yards in advance of it, so that its service 
shall not interfere with that of the parallel, nor the service of the 
latter with it, a point of great importance for the efficient ser- 
vice of each ; and being in advance of the parallel the troops in 
the latter will not be annoyed by the discharge of the guns 
which they might be were they in their rear. 

113. As the ricochet of rifled guns with the elongated shot is 
uncertain, and from the great range at which the guns fire, the 
plunge of the projectile would be necessarily great and un&vor- 




I 



I 



I 



Me to riooohet, pofiitioDa for fixed enfllading batteriesof smooth- 
bore ncga gaaa may be taken either in advance of the 2d par- 
allel! or better in some of the demi-parallels, eo as to bring them 
within some 500 yards of the line to be enfiladed, aa a range 
very favorable for tb« riw>chct of these pieces. 

114k The movnble gun 4>att«nes will tionsist of 10, in some 
caaea, SO-poundcr rifled guns; and the Napoleon gun for throw- 
ing hollow projectiles. These guns will take advantage of any 
temporary covers, as undulations of the ground, woods, fences, 
etc., tVom which they can bring a damaging fire on the defences, 
and which they will maintain until the fire of the besieged 
becomes too heavy for them. In this way, a very important 
aaxiliary to the fixed batteries will be ceiled into play; aome- 
timca forcing the besieged to eatablish new positions to drive off 
Uiese light guns. 

In like manner the smaller mortars that can be readily moved 
by hand, or on sleds, may be placed in good temporary positions 
to increaao the amount of fire delivered on any given point 

Ufi. Streni^ of Batteries. The number of guns in each 
enfilading battery will depend upon the extent of terre-plein 
within the works upon which an enfilade, or a slant, reverse Are 
can be obtained. Usually, the number of guns should not 
exceed seven, nor be less than three ; the number being regu- 
lated by the importance to the besieged of the line enfiladed. 

116. In each counter battery there should be at least as many 
guns as the defene«a can bring to bear upon it ; always enough to 
completely control the fire of the point counterbattciwL Whilst 
batteries containing a large number of guns are exposed to 
greater casualties than smaller ones, weak batteries are liable to 
be silenced by a concentr«teil fire upon them from the defences, 

117. As a general rule, batlcricA at different distAOoes should 
be » placed that the more advanced should not bo in the line 
of fire of those in rear. The danger from accidents from a vio- 
lation of tbts rule is not very great if the batteries an several 
handrcd yards apart, and the point fired at distant ; or until the 
trenches get near the position of the 8d parallel. At this stage, 
great precaution is necessary in regulating the fire so that the 
ahot may not fall into or explode too near the troncbes. 

As an illustration of thiit, let the two faoen of the redan, ABO 
(Fig. 84X be each 100 yards long ; and, on the prolongation of 
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A B, assume the two distances, A D and A E, respectively, at 1,000 
and 2,000 yards. Now supposing the width of the terre-plein 
along A B to be 10 yards, a gun placed at G, at 200 yards from B, 
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Fig. 84 A B, Face enfiladed ; o o', Front of enfilading battorlet on 1st Parallel ; f r', Fktmt of 
enfilading batteries on 2d ParalleL 

firing at the point, A, would just take the diagonal of the terre- 
plein, and its shot would pass at F, 100 yards from D ; so that a 
battery of six guns, occupying about 40 yards front, could enfi- 
lade the terre-plein of A b, and still leave 60 yards for the fire 
of the battery placed from G, towards e, to pass to its left. 

Taking, in like manner, the other diagonal of the terre-plein, 
through the salient, B, and prolonging it to f' and G', to inter- 
sect the two parallels, the distances, E G' and D F', will be found 
respectively 190 and 90 yards ; so that on the Ist parallel there 
will be 190 yards along which every gun will have a very slant 
front fire on the parapet of A B, and every shot can be brought 
to sweep the entire length of the terre-plein ; whilst on the 2d 
parallel there will be a length of 90 yards adapted to the same 
purpose. 

From four to six mortars are usually placed in each mortar 
battery, and these batteries are distributed along the front of 
attack in the best positions for accomplishing their objects. 

118. Blinded Batteries. In view of the great improvement 
in range, and the accuracy of fire of rifled guns, and of the 
greatly increased amount of both guns and mortars shown in 
the more recent sieges, the question of armored parapets and of 
bomb-proof blinds for the protection of the guns of the batteries 
in the pa««ition of the 2d parallel, is one demanding considera* 
tion. When the batteries are not exposed to flank or very 
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oblique alant views, chamWrs or casemntos of timber, with strong 
bomb-proof roofs aad sides vit)k suflicient cover and strength to 
roiiflt nny cbauce sliots, might be eiunly construct^], restricting 
the dinicnsioua of eucli coscmule to what will be strictly requisite 
for iho mantEuvrcs of the gun in it 

The entire i'ront of (he battery might be guarded from direct 
shot, particabrly of elongated projectiles, by laying heavy logs 
or iron rails in an inclined position against the exterior slope and 
oorering them with sund-hags, leaving only enough embrasure 
opening in front, both horizontally and vertically, for the field 
of fir« wanted. Considering the range of those batteries at this 
distance of the 2d parallel they might be sunk, so as to place 
them in greater security and effect their construction more 
readily. 

119. Sortlea. The policy of the besiegers ia to expoflc aa lit- 
tle ax possible to the chances of hand to hand conflict, but to 
endeavor to gain their ends by the action of their artillery, and 
by akill and pcntevemnce pushing forward their trenches until 
t^ey can reach the Inst position that the besieged can take up, 
Btill keeping under cover. The besieged, however, arc often 
constraintyl to a bolder course ; anmetimea to open the way for 
BQOCors to reach them; and sometimes tu avail themselves of 
opportunities presented by the mistakes of the besiegers to drive 
them from tbeir trcnchcA, spike the guna of their batteries, and 
even destroy their depots. 

The panUlels and their guards are to provide against such 
attAcka; and, witli proper meaaurcs and due vigiianoe, they 
ought never to succeed, but the besi<'g<;d be made to pay dearly 
for each attempt. In past siegea, when the Inl parallel was 
nsoally opened at about 900 yards from the defence*, a sortie 
against it waa regarded aa a very onoertain operation, and only 
to be attempted when the garriaoo waa strong and had a respect- 
able force of cavalry- and of tight batteries to act with ihar 
infantry in the sortie. This oontioguncy, however, should hi 
guarded against by having ibe flanks of the 1st parallel secured 
by a redoubt armed with field gnns ; with egMnlmcnts for cavalry 
thrown op a few hundred yonls to the rear of the flanks; and 
by a suitable rcMcrve nwly to move forward at a moment's notioe 
to the support of the troops in the parallel. 

130. AfVcr the Ist parallel ia oomplvted and occnpiod by the 
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guards, the besieged will seldom attempt a sortie in foroe before 
the ground is broken upon the position of the 2d parallel, and 
the besiegers should be prepared for this probability by having 
an extra force in and near the 1st parallel, to support the few 
guards who may be in the advanced boyaux for the protection 
of the workmen from the sorties of small bodies. So soon as a 
serious movement of the besieged beyond their defences is 
observed, the working parties should be withdrawn in a prompt 
and orderly manner, taking with them their trenching tools, 
along the approaches, the guards in these covering their move- 
ment to rear, thus leaving the front of the 1st parallel unmasked 
to deliver its fire on the sortie. No effort is made to check the 
sortie except by the fire of the trenches until the troops compos- 
ing it have reached the advanced trenches, when a charge may 
be made over the steps made for that purpose in the trench and 
parapet of the parallel, or through breaks left in the parallel 
itself of sufiicient vridth for the passage of a column of infantry. 

From the completion and occupation of the 2d parallel, none 
but sorties of small bodies, seldom exceeding fifteen men, are to 
be apprehended, with the object of temporarily stopping some 
approach. 

19.1. Opening the Trenches. This operation supposes that 
all the measures preparatory to it have been taken ; the depdts 
of trench materials established and well provided ; careful recon- 
naissances of the site and the defences made ; an accurate map 
made, from such instrumental surveys as were practicable, and 
other information gained ; the positions of the defences marked 
out upon the map giving the directions of the faces and capitals 
of the principal works ; the distances and heights of their salient 
points from that of the 1st parallel, etc. ; and the approximate 
positions of the Ist parallel and of the approaches to it from the 
depdts in its rear, and of those leading from it upon the 
defences. 

122. With the data furnished frt>m tlfese sources, the engi- 
neers can proceed to stake out upon the ground the directions 
of the portions of the trenches upon which ground is to be first 
broken, either on the same night, or a night or two before, as 
opportunity may serve. This duty is readily performed with 
the aid of rough sketches, dark lanterns, small pocket compasses, 
and pickets painted white, with all of which the officers are 
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provided, and with the aid of several intelligent non-commis- 
sioned officers or soldiers of the engineer troops. 

1523. Everything being in readiness, the workmen are assem- 
bled in detachments, at the proper moment towards night-fall, at 
the depots of the trenches, where they receive their trenching 
tools, and whatever else is necessary to carry on the work with. 
They are then led, in single file, to the positions they are to 
occupy in breaking ground, by an officer or engineer soldier; 
sometimes each man grasping with the right or left hand a trac- 
ing rope or tape, on which his position is marked in the usual 
way, or else the tracing-tape is first stretched and the men placed 
in their position near it 

124. When once in position, the working parties are com- 
manded to lie down and keep perfectly quiet until ordered to 
rise and commence work ; to give time to the engineer officers 
to rectify any mistakes of direction in the lines. So soon as this 
is done, the order is given to rise and break ground. This will 
be done by each man digging a hole as speedily as possible, and 
throwing the earth towards the defences, so as to give cover for 
himself, and from which he can gradually, and with security, 
work forward in the direction of the trench he is to excavate. 
This operation is supervised by the engineers on duty, who see 
that any mistakes made by the men digging are corrected at the 
proper moment 

125. In the prosecution of the works during this period, the 
simple trench, flying sap, or full sap will be used, as opportunity 
may offer, and as the fire of the defences is more or less certain 
and destructive. As the flying sap will afford the most speedy 
cover against case shot, it will be employed generally so soon aa 
the trenches have been advanced within destructive range of 
this ; using, however, the simple trench at night, or at any other 
opportune moment The full sap must be used when within the 
ccrtiiin range of small-arms, and when the cannon fire of the 
defenees is very deadly ; resorting, however, to the flying sap 
whenever the risk is but slight 

126. Journal of the Attack. In actual siege operations a 
daily record is made by each engineer officer on duty in the 
trcnch(^, of the amount of work done, the time required, the 
means of execution, etc., with any observations that may seem 
of value. These records are transmitted to the head-quarters of 
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the commanding engineer, where they are filed away for refer- 
ence, and from them the progress of the trenches is carefully laid 
down upon the original directing plan of the attack. 

127. From the data furnished by such records, and from the 
results obtained in the schools for training engineer troops, the 
average time required for executing the various portions of the 
siege works, under ordinary circumstances, during the different 
epochs into which they have been divided, has been laid dowa 
by writers on this subject. This mode of calculation has also 
been applied to test the relative value of different systems of 
permanent fortifications, by submitting them to a fictitious siege, 
and estiniating from the time, as shown in this way, required for 
their reduction, how much longer the one system would hold out 
than the other. 

However ingenious this method may at first appear, it affords 
no real practical test of any importance ; the duration of sieges 
depending upon moral and physical laws, as their whole history 
has shown, that no mode of calculation can reach. 

The immediate successors of Vauban, who made use of these 
calculations in theoretical sieges, have usually allowed nine days, 
from the opening of the trenches to the completion of the 8d 
parallel ; estimating that all the batteries, along the front of the 
1st and 2d parallels, would be completed on the sixth day, and 
the fire of the defences be brought under in twenty-four hours 
after the batteries were in full play. 



THIRD PERIOD. 

12B. The works of this period consist of the batteries and 
other establishments necessary to drive the besieged from their 
covered-ways, or other defences exterior to the ditches, such as 
rifle pits, or rifle trenches, to enable the besiegers to push for- 
ward, without too great risk and loss, their approaches to posi- 
tions along the ditches of these works, where they can establish 
breaching and counter-batteries against them ; and of the mea- 
sures to be taken to gain possession of the breaches, when ren- 
dered practicable, either by an open assault in force, or by 
gradual approaches gaining and securing each foot of ground by 
the sap. 
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129. The 8d parallel (Fig. 88), having been extended only 
80 far as to enibrace the immediate point of attack, and to secure 
the guards from a flank attack, from the works adjacent to this 
point ; and having been widened, 8 or 4 feet, beyond the width 
given to the other parallels, to give more room, both for the 
guards and for a temporary depot for the trench materials for 
the works in the advance ; sunken batteries, for stone and small 
mortars, are constructed, either in this parallel or some 20 yards 
in advance of it, in the best positions for driving the besieged 
from their exterior defences by the fire of these mortars, and at 
the same time not to injure or annoy the men who are pushing 
forward approaches from the parallel upon the salient points of 
these exterior defences. 

130. At this stage, when these batteries are about ready to 
open fire, a decision must be come to whether to attempt to carry 
the covered- way and any defences exterior to it, by an open 
assault, from the position of the 3d parallel ; or to advance upon 
them by regular approaches. This decision must depend upon 
many contingencies; as the strength of the garrison and the 
conduct they have shown throughout the siege ; the more or 
less difficulty presented by the works themselves to an open 
assault, cither from their intrinsic strength, or from the support 
given them by the works which cannot be assailed in the same 
way ; the probability of a strong succoring force coming up 
before the works can be gained by regular approaches ; the more 
or less probability of success, and the cost of life with which 
even success must be attended. 

13L Tlie history of sieges and the best engineering authori- 
ties are decidedly unfavorable to open assaults, except at the last 
moment, and when the assailed can oppose no other obstacle to 
the besiegers than a body of troops in front, with no defences 
between them and the assailing force. Vauban always opposed 
ojwn assaults, where there was any means of a vigorous resist- 
ance by the besieged. On one or two occasions, when overruled 
in his opinion, the soundness of his views was fully borne out 
by tlie event The history of the more recent sieges abroad, 
and late examples of our own siege operations, show how unoer- 
tain are the successes from open assaults, and, even when suc- 
cessful, that they entail great loss of life and injury upon the 
assailant 
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182. When an open assault, however, is decided to be made 
on the covered-way, or any other works exterior to the ditches, 
no pains should be omitted to secure its success. The troops 
chosen for the assault should be picked, tried men, and be in 
suflBcient force to break through all probable direct opposition 
from the besieged ; and should be supported by a reserve, to 
guard them from a sortie on their flanks or rear, and to cover 
their retreat if forced back. The 3d parallel should be prepared 
with steps, on the points from which the troops are to sally out 
of the parallel, to an extent equal to the front of the assaulting 
column. The hour fixed upon for tlie assault will depend upon 
the strength of the besieged and upon the habits of their troops. 
Night assaults have the advantage of less exposure to the fire 
of the defence ; but they are uncertain in their results, from the 
confusion with which they are almost necessarily attended. They 
are best made at the close of the day, when the obscurity is so 
great as to render it diflBcult to discern objects at some distance, 
but still affording light enough for men to see well just around 
them. 

133. Whenever made, the way is prepared for the assailing 
force by a heavy and long continued fire upon the point to be 
carried and all the defences bearing upon it, from every position 
of the trenches, from which fire can be opened on these pointa 
When this storm of missiles has apparently done its work, by 
silencing the fire of the defences and driving the besieged out of 
the work to be assaulted, the assailing columns rush rapidly upon 
the points to be carried, and driving any troops of the besieged 
from them who may still be holding on, retain possession of the 
points gained and repel any attempt to recover them, until the 
party of engineer troops and workmen, who should follow 
directly in their rear, have thrown up defences which will give 
the assailing force temporary cover against the further attempts 
of the besieged. 

134. If, however, it is decided to work forward by gradual 
approaches, the besiegers, to gain room for a dep6t of trenches 
near at hand, commence a trench, leading from the 8d parallel, 
by the full sap, at starting points some 60 yards on each side of 
the capitals of the salients on which they have decided to advance, 
giving the two branches of this trench a direction such that they 
will unite on the capital and some 15 yards in advance of the 
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8d parallel. Thcae two brancbea may each be io a right line, 
but they are not un&equeutly worked round on an arc, and hence 
tliie portion of trench has received the name of iha circular 
plac«-of>armB. 

136. Id the meanwhile, other spproaohes maj be pnahed for* 
ward from the 3d parallel directly on retired points between the 
salient^ which it niay be desirable to reach aa soon after the 
Bftlient [)oints have been reached as practicable. As the direction 
taken to ronoh thcae retired points will be towards a reentering, 
the double direct mp will have to be used ; and aa an approach 
of this kind can only serve as a communication, short ends of 
trenches should be run out by the full sap on the right or loft 
of each such line of approach, so as to Qunk it and contain a 
small number of guards to protect the sappers from small 
Bortics. 

136, From the circular placo-of-arma a direct approach by 
double sap is pushed forward along the capitals to within about 
SO yards of the salients, a position where trench cavaliers can be 
erected from which grcuadc« way bo thrown into the salients, 
and sharp-shooters can be placed to expel the beaiegnd from any 
oovers he may have found shelter behind. The pne^oability of 
throwing up trench cavaliers will depend upon the control under 
Hduob the Sre of the besieged, particularly the artillery, baa 
Mta brought. When this is still somewhat formidable, the 
tniegeiB will have to give up tlie ooDstruotion of the oavaliera, 
■a involving li>o heavy a loss of time and life, and try to effect 
their objt-ot by unall mortMS throwing shells or any kind of 
annoying raiaule into the besieged works, by using small ohaigei 
of powder. 

li37. Whichever of these means may have been adopted, the 
bniegeTs will continue their advances from the positions of the 
trench cavaliers cither by a single branch of direct sap, or by 
two branches directed upon and uniting aonie 6 or 6 yards from 
tlie lalients. 

It is important to be noted, at this stnge of affairs, that the 
beacgem must use great precautions against small sorties; by not 
•dvandng any appmach much beyond the others, and by having 
all well flanked and guafllixl by small bodies in the ends of 
run out from tbem on their right and left. 
Having in this manner reached to within some 6 yards 
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of the crest of the covered-way bordering the ditches, and from 
which the scarps of the works to be breached can be seen, and 
their ditches commanded and enfiladed, a trench is pushed for- 
ivard from each of the direct approaches parallel to and within 
6 or 6 yards of the crest. As this trench necessarily leads 
towards the retired parts it will be more or less exposed to a 
commanding enfilading fire from points nearly in its line of 
direction, and to a slant and more or less reverse fire, from each 
of which it will be necessary to cover it by ordinary and wing 
traverses : besides which, it will be well in some cases to run out 
to the rear flanking ends of trenches, and when the reentering 
itself is deep it may be found necessary to connect these trenches, 
making a continuous line or secondary parallel within the salient 
points gained. 

139. This trench, when bordering the crest of the covered- 
way, is termed the crovming of the covered-way, and, as has been 
shown, may be efiected either under an open assault or by a sys- 
tematic approach by sap. 

When the crowning of the covered-way is completed, or 
whilst in progress, preparations are made for constructing bair 
teries to open breaches in the main works, and for counter-bat- 
teries to control the fire of any guns which the besieged, taking 
advantage of the paralysed state of the batteries in front of the 
1st and 2d parallels, from the obstruction oflfered by the 
approaches in advance of the 3d parallel, and even by the paral- 
lel itself, may now put in position. 

The positions given to the counter-batteries are usually such 
as to fire in the directions of the ditches and against the portions 
of the main work by which these are swept, and those of the 
breach batteries will be as nearly opposite as practicable to the 
points where it is deemed best to open breaches. The counter- 
batteries are thus usually thrown around the salients, and the 
breach batteries are placed further in, but still near the counter- 
batteries, as they are less exposed here to plunging or reverse 
fire than if placed further in. The principal point to be observed 
is that the breach when made shall be wide enough for the front 
of the assaulting column ; be practicable, or of easy ascent, and 
open the interior of the work tiftoughout the entire width of 
the breach. The wider the breach, of course the better, but one 
of 30 yards wide is considered a formidable gap for the besieged 
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to attempt to close, with troops alone, to oppose an assaulting 
column. 

140. When it is necessary to breach several points of the 
defences, it is best to open them all at the same time, so that by 
assaulting them all at the same moment, the resistance oflFered 
by the besieged may be weakened and there may be more lia- 
bility to confusion. This, however, is not always practicable, 
particularly where a point to be breached is in a deep reentering 
rendering it necessary to breach and occupy the works forming 
this reentering, before the breach battery can be erected against 
the retired part, owing to the reverse views that the advanced 
parts may have upon it. 

14L Wliilst the breach batteries are being constructed and 
the breacl)es being made, blinded descents are made into the 
terre-pleins of the covered-way, at the salients, witt the view of 
throwing up a trench in them to overlook and sweep with mus- 
ketry the ditches that can be seen nearly throughout their length 
from these j)oints. At the same time a descent by gallery into 
the ditch will be commenced at some suitable point in a direction 
to come out in the ditch nearly opposite the point of the breach 
furthest inwanls, and this with a view to make the passage of 
the ditch upon this point of the breach where cover will be 
soonest obtained from the fire of the besieged still bearing on 
the breach through the ditch. If the counterscarp of the ditch 
is revette<l, a gallery is extended some yards along its back, with 
a view to o^wning loop-holes through the revetment to flank the 
passage of the ditch. Besides this, a boyau or two may be run 
from the passage its<'lf, towards the interior, to contain a few men 
to protect the passage from small sorties. 

142. The breach may be carried either by open assault, or 
by a regular approach by a trench across the ditch and along up 
the breach, at the point above mentioned, and then by encircling 
the top of the breach by a trench where troops can be stationed 
to pr»?veiii the l)esiegod from making any attempt to regain posses- 
sion of the work after having been driven from it 

143. If an op(»n assault is attempted, the body of troops to 
make it (!an bt; iu<s«?mbled in the galleries of the descent and from 
there make a rtish for the top of the breach, or else a large mine 
may be a[)rimg from behind the counterscarp to open a passage 
through which an assaulting olumn can rush from the trenches 

Id 



242 FIELD FORTIFICATION. 

into the ditch, and then make its way up the breach. In either 
case the operation is one of considerable danger, unless the 
besieged makes but a feeble resistance to defend the breach itself 
and has had his fire nearly silenced. 

144. The assault is prepared and conducted like all similar 
operations, by first bringing under all the fire of the besieged 
bearing on the breach and the ditch in its front, besides sweeping 
the breach itself thoroughly, so as to render it untenable, before 
thp assaulting column moves upon it 
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CHAPTER V, 



DSFSNCB. 



145. The more or leas vigor with which the defence can be 
conducted will depend upon the strength of its artillery and its 
judicious employment; combined with counter approaches, 
sorties, and countermines to destroy the besieger's mines and 
render the ground, to which his near approaches must neces- 
sarily be confined, very unsafe to him. 

This, like the attacic, may also be divided into three periods. 



FIBST PERIOD. 

146. Measures during the Investment. During the in- 
vestment, the garrison will resort to every means for cutting off 
parties of the investing corps which approach the work incau- 
tiously, and will particularly endeavor to prevent all attempts at 
reconnoitring. About one-third of the garrison will be kept on 
this duty, taking post as far beyond and around the work at the 
most secure points during the investment, and holding them as 
long afler, as they can without too great danger. 

147. As the defences at this period have no other danger to 
apprehend than a surprise, and nothing to annoy by their fire 
but reconnoitring parties, the artillery will be so posted as to be 
of most service in these cases. Several field guns, loaded with 
case-sliot, should be placed in embrasure on each flank, and each 
face of the main work, to sweep by their fire its ditches and those 
of the outworks, to frustrate any attempt at a surprise ; and 
several heavy guns with long ranges should be placed in bar- 
bette on each of the salients of the main work and principal 
outworks, to keep reconnoitring parties at a distance. 
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SECOND PERIOD. 



148. Measures against the Opening' of the Trenches. 

Whatever precautions may have been taken by the besiegers to 
deceive the besieged relative to the point of attack, and the time 
of opening the trenches, the latter, by keeping a strict watch on 
all the movements of the former, are usually enabled to ascer- 
tain both with tolerable certainty, and to prepare themselves 
accordingly. So soon as these points are ascertained with some 
certainty, the commanding officer, still keeping the garrison on 
the alert to frustrate all attempts at surprise, and without chang- 
ing in any respect the artillery already in position, will place all 
the disposable pieces in reserve, in the best positions, on the 
fronts of attack and the collateral works, to do the most damage 
to the laborers and the guard of the trenches before they are 
placed under cover in the 1st parallel. Fire balls will be thrown 
out every night to light up the ground and ascertain the position 
of the laborers and troops ; and, so soon as they are discovered, 
a heavy fire will be opened on them from all the guns that can 
be brought to bear on their position. At the same time a few 
guns will keep up a ricochet fire with shells in the direction of 
the capitals to annoy the workmen at the approaches. 

149. Movable batteries will, if practicable, be thrown in 
advance of the works, in positions not to mask their fire, and 
near enough to open a fire of grape against the guards of the 
trenches and the workmen. In some two or three hours the 
parapet of the parallel and the trench will be in a condition to 
shelter the guards and workmen from this fire, when all the guns 
that can be brought to bear will open strongly both a fix)nt and 
slant fire upon the parallels and approaches. 

150. Sorties. Unless the garrison is very strong, or the 
besiegers show a want of proper precaution in covering their 
laborers by a strong guard, sorties cannot be made at this period 
of the attack with much prospect of success, owing to the dis- 
tance of the parallel from the defences. The most that can be 
attempted with some hope of success, is to make some charges 
of cavalry, to cause the laborers to abandon their work, and thus 
retard, for a short time, their operations. 

15L Armament of Point of Attack. When, from the indi« 
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cations without, there is no longer any doubt respecting the real 
point of attack selected, all the disposable artillery will be 
brought forward and placed in barbette, in the best positions on 
this pc^int and the collateral works, for sweeping the ground over 
which the trenches must be pushed. In the meantime embra- 
sures, plat:brrns, and traverses, should be prepared on the most 
suitable positions to place the artillery under shelter from the 
enfilading batteries so soon as they are ready to open fire. 

152. Every disposable gun, except the reserve pieces, should, 
both at this time and whilst the besiegers' batteries are still incom- 
plete, be placed in positions to bear upon the points occupied 
by them, with mortars of long range placed wherever they will 
be well masked and can throw their shells with the most eflfect 
against these points. 

The traverses, to cover from enfilade views, should be shot- 
proof gabionades, and be placed so far apart only as to allow the 
least room for two guns between them. The terre-pleins of the 
barbettes should be cut down and their parapets somewhat raised, 
to admit of embrasures for the guns along them. 

153. The fire of the defences should be concentrated on a 
few of the principal batteries rather than scattered over all, 
because, by delaying the progress of these, the others, if the 
besiegers act prudently, will not open their fire until all are 
ready. 

154. Counter-Approaohes. With a strong, well disciplined 
gamson skilfully commanded, one of the most efficient auxiliary 
means of defence is to be found in counter-approaches from the 
main defensive works on the point of attack, towards the posi- 
tion of the besieger's lines. These consist of simple trenches 
pushed forward from the most advanced works as far as can bo 
safely done with a view of obtaining enfilading and reverse fires, 
both of artillery and infantry, on the trenches and batteries of 
the besiegers. 

The front to be occupied by the counter-approaches, the dis* 
tancc to which they should be pushed forward in advance of the 
main works, and the direction they should receive, will depend 
upon the natunil features of the site ; the positions and stn*ngth 
of the besieger's works, and the bearing of the main defensive 
works upon the ground over which the counter-approaches must 
be run. 
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The portions of the besieger's works that the counter- 
approaches can be made most effective against, are his batteries 
and his boyaux of approach. Positions, therefore, should be 
given to the counter-approaches, and a sufficient front to obtain 
enfilading and slant reverse views on the boyaux with artillery 
and musketry, and a fire of sharp-shooters on the batteries, with 
a complete view of the ground in advance of them, not obstruct- 
ing, however, the fire of the main defences. The trenches by 
which they are connected with the defensive works should be 
enfiladed by these, and should be so run that the retreat of the 
troops through them shall not be liable to be cut ofi^ whilst they 
should offer a convenient and short line of communication. 

To prevent them from being of immediate use to the besiegers, 
if carried by open assault, the reverse of the trenches, even of 
those which are enfiladed from the main defensive line, should 
receive a gentle slope to the rear to enable the trench to be swept 
by a slant or even direct fire from the works in the rear. 

If good positions can be found for them,, the counter- 
approaches should be supported by strong field works ; other- 
wise stockaded keeps for small detachments may be made at 
suitable points to assist in repelling any open assault of the 
besiegers. 

From the most advanced line of the counter-approaches, 
picked men may be sent forward to occupy good positions to 
annoy the artillerists and working parties of the besiegers by 
taking shelter behind any cover from fire or by 4iSS^QS l^oles, 
from which, by throwing the earth in front, they can speedily 
gain cover. These holes may be gradually enlarged so as to 
contain three or four men each, who can be readily rallied for 
mutual support against open assaults by small detachments of 
the besiegers, or for small sorties against their workmen. 

The counter-approaches will also be used for positions for 
movable batteries of light rifled guns, which can be shifted from 
point to point during the day, wherever they can best annoy the 
besieger's works and find cover, and be withdrawn at night to 
secure them from the danger of capture. 

During this period the engineer officers and workmen are 
employed in organizing the point of attack for a vigorous 
defenccj. The covered- ways are palisaded with care. Tambours^ 
or block-houses, are establishe^l in the salients of the noost 
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ftdniDced and exposed outworks, and also in the ree'Dtoringa 
where guards are conabintly posted. 

Special attention should be paid lo having ample, oonvenieot, 
and secure com muni cations between the works for lh« troope. 

155. Dally Guard. With rt-gnrd t^i the portion of the gar- 
rita>ii on duily duty, the ffreiitcst number will be posted in the 
defcnc4!8 more immi-diately threatened by the besiegers. Detwh- 
ments of aome 40 men may be posted in each salient of the most 
advanced work of the point of attack, and 20 in salients of the 
oolhiter.ll works, about 80 in euch reentering of these works on 
the eamc point, and 40 in each recnt^Ting of the collutirral points 
occupied. Besides th<^«e, there should be a detachment of about 
10 men in each of the leaa exposed outworks of the point of 
atlAok. The number and disposition of the daily guard will, of 
c»uiBe, vary with circumstances. The main |K)int to \>e atb'nded 
to is, that no part of the work, of any iinpoptance, shnll be left 
without a BufGeicnt force to hold the besiegers in check, in coso 
of surprise, until support can be obtained from the main body, 
which last should be so distributed aa to be able to carry succor 
promptly to any part threatened or attacked, 

156. Sorties. So long as the besittgera are beyond the range 
of small-arms, the guards in the most advanced works have only 
to keep on the alert, and to send forward in the day-time a few 
picked men, who dig holes to fire from, or take advantage of 
any shelter to approach the trenches and pick off the workmen 
or guards who are expcoed ; and at night they keep out patrolea 
to nonr the ground around the work ; to annoy the workmen 
by small sortiw when an oppimunily offers ; and to prevent the 
approach of reconnoitring parties. So xaou as the trenches are 
poshed forward within musket range of the works themselves, 
an unintermitltK), warm fire is kept up on the workmen and 
guards that are expOMol, some eight or ten good morbsmen being 
placed in each salient fcir this service. 

157. Sorties may be made with more chances of saoceas when 
the besiegers commence the 3d parallel, as the guards of the 
ttvncbes in the 1st parallel are not so near at band to protect the 
woricmcn as daring the oonitruction of the trenches up to this i 
point. 

The detachment for the sortie, consisting of sevrrnl hundred 
iafantry, will sally from the most advanced works to attack the 
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2d parallel on one or both flanks, and, if circumstances favor, in 
front. When the workmen are put to flight, instead of pursu- 
ing them, the detachment will form in battle order to cover a 
party of some hundreds of workmen, who follow in rear of the 
detachment, whilst they are filling up the trenches, destroying the 
implements, and setting fire to the gabions. The working party 
will be also covered on each flank by a detachment of infantry 
and all the disposable cavalry of the place, and with one or two 
batteries of light field guns manoeuvring with the cavalry. 
When the guards of the trenches appear in force to repulse the 
sortie the troops will retreat slowly, without compromising their 
safety, and will endeavor to draw the troops in the pursuit within 
short range of case-shot of the works, a fire of which will be 
opened on them so soon as the retreating troops are out of dan- 
ger from it This operation, if successful, may be repeated 
several nights in succession ; the best moment is just before 
dawn, when the guards of the trenches are fatigued and sleepy 
with watching. Although the chances of success are greater at 
this stage than at the opening of the trenches, still, if the 
besiegers take proper precautions, the sortie will, in all proba- 
bility, prove more prejudicial than advantageous to the besieged. 
158. Distribution of Artillery. Before the besiegers open 
the fire of the enfilading batteries, the fire of the defences will 
be concentrated, as has been said, on the principal of these, and 
will be kept up against them until a marked eflFect is observed in 
the fire of the enfilading batteries. Only one gun will then be 
left between each traverse on the faces of the defences, the others 
being withdrawn and kept in reserve. The guns kept in battery 
will fire steadily upon the heads of the approaches as they are 
gradually advanced. 



THIRD PERIOD. 

159. Distribution of Artillery. After the 3d parallel is 
copstructed the guns may be replaced with advantage by stone 
and Coehorn mortars, firing from sheltered positions in the most 
advanced works. Guns will be placed in embrasures to fire in 
the direction of the ditches of these works and to sweep theii 
terre-pleins and the ground in advance of them. 
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160. Gun Shelters. At tliis abigc the musketry fire of tho 
besiegers becomes very destructive to ibo axliUeri&ts of tha i 
defence's whilst serving the guns. Strong iron or oak muskel- 
proof blinils Ehoulil be arranged to nmsk the mouths of the 
emhrasures wheu the guns iire not in buttery. Blin<Is,or covcni 
of timber and earth under which guns can be secured from pro- 
jectiles that would reach them at top or in flank, will nt^w be 
aerviceable. A few guns covered in ttiis way, and placed in the 
salients of the ailluteral works, to obtain revere views on the 
trenches construch.-d on the glacis of the works, will prove a 
serious annoyance to the sapper^ and will greatly retard their 
progress. 

ISL IMstributioo of the Daily Guard. The troops in the 
most advanced works will keep up a warm fire of musketry 
against the beads of the sap, and on every exposed point. The 
men whilst firing occupying poinis where they will be well shel- 
tered and can best see the Imting sap[>ers. A few markameu 
will also occupy the parapets of the other works lo keep up a 
Are from them, but only during the day, as at night ttiis &ro 
might injure the men in tho most advanced works. 

The greni^T purl of the guarrls of tho least secure of tha 
advanced works should now be withdmwn at night and be posted 
on more secure pointy so as to expose but few troops if an opoD 
attack is made. 

162. Small Sorties. Although sorties in Urge bodies srldnm 
prove snccessful after the 2d parallel is finished, those mode by 
small detAchmcuta of from ten to forty men ajTsinat the bead of 
a sap, or other work, when the besiegers are advancing beyond 
the 3d parallel, will seldom fiul if conducted with proper pre- 
cautions. 

This method of annoyance will be particularly serviceabls 
daring all the subiiequent stages of the defence, as the boeicgcrs 
cannot now have at hand a very large f^rce. 

163. Deftaelve a^Blnst Oradutl Approaches. The de- 
fence of the moat advanced works will be regulated by the 
method pursued in the attack. AVhen the latter is made by 
gradual approaches, the troops, with the exception of a few men 
who can ftn<i a shelter behind traverses or other covers, will be 
withdrawn from the nalients, so long as these arr annoyed by the 
fire of the stooo mortars ; when this fire ceases, which osiuUy 
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takes place when the sap is pushed well forward from the Sd 
parallel, the troops again enter the salients and renew their fire 
on the heads of the sap, directing it particularly against the sap- 
pers working at the trench-cavaliers. When the trench-cavaliers 
are completed and armed, the troops again retire from the salients 
and occupy the traverses and other shelters where they maintain 
their fire, and throw hand grenades on the sap when it comes 
withm their range. Stone and Coehorn mortars are also placed 
behind the traverses to annoy the sap, etc. 

164. Defensive against Open Assault. If the besiegers are 
observed to be making preparations to attack by open assault, 
no more troops than will be required to line the parapet of the 
work threatened should be posted in the more salient parts, and 
they should maintain their position no longer than is necessary 
to give the storming party one volley as they d^bouche from the 
8d parallel ; retreating immediately after to the main ditch, or 
to other designated points. A reserve of about one hundred men 
is posted in each reentering part occupied by the guards to cover 
the retreat of those from the salients. All the other works are 
lined with troops, and such guns as can still be brought to bear 
on the glacis, loaded with case shot, open, at the same time with 
the infantry, a deadly fire on the storming party, which ia kept 
up until the assailants are either driven from the work assail^, 
or take shelter in the trenches constructed by the sappers along 
the crest of the glacis. A vigorous sortie both on the front, the 
flanks, and the rear of the storming party, made from the colla- 
teral advanced works, -will in such cases be a judicious opera- 
tion. 

165. Distribution of Artillery against Breaching Bat- 
teries. As the moment for erecting the breaching batteries 
approaches the eflforts of the besieged will be redoubled to retard ^ 
the works of attack. Independently of the measures already 
laid down the besieged will arm with artillery the flanks which 
bear on the point of attack, and will construct oblique embra- 
sures in the reenterings like the curtains to sweep the positions 
along the salients, where the besiegers are making their breach 
and counter-batteries. The guards of the covered- way will retire 
towards the reenterings as the crowning of the salients advances, 
disputing the ground foot by foot, and holding possession of each 
point until the besiegers are nearly in a situation to envelope it 
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with their works. The stone and Coehom mortars will be 
removed to the reenterings, or into some of the communications 
in the rear, from which a fire can be kept up on the trenches. 
In fine, every possible means will be resorted to, such as rolling 
over grenades, loaded shells, fire balls, etc., by which the sappers 
constructing the breach batteries and the descents into the ditches 
can be cut oflf and their labors be retarded. 

166. Defence of the Ditches. When the besiegers have 
established themselves so stfrongly around the point of attack 
that sorties in small parties cannot be made without too great 
risk, a warm fire of musketry will still be kept up on the trenches 
from all the out-works, and the besieged will wait until the 
descent of the ditch is opened through the counterscarp wall 
before renewing the same game of sorties in small parties. A 
vigihmt look-out will be kept to ascertain this moment, and, so 
soon as the sappers show themselves, every effort will be made to 
cut them off, and destroy their work, by opening a fire both of 
artillery and musketry on the opening; by sorties in small 
bodies, and by throwing loaded shells, grenades, etc, into the 
ditch. 

167. In wet ditches filled with stagnant water, the besieged 
will resort frequently to night attacks in boats on the dike or 
passage made to cross it ; and in the case where water can be 
suddenly let into or be drawn from the ditch, chases of water 
will be use<l to sweep away the besiegers' works. 

168. Defence of Breaches. In defending the breach of any 
work, the besieged will resort not only to the fire of any interior 
defensive work, but will erect barriciides on the right and left 
of the breach, acn)ss the tcrre-plein, from which a warm fire of 
musketry will \>o {KDured in on the besiegers whilst they attempt 
to gain possession of the breach either by gradual approaches or 
by storm. Small mines, bomb or stone fougasses, should be 
prepareil at the summit of the breach to be exploded so soon as 
the b«?sieger8 gain possession of it. The top of the breach will 
be strewn with every possible obstacle that can retanl the pro- 
gress of the storming party, and grenades, thundering barrels, 
etc, will be rolled over on the troops whilst mounting the 
bn»ach. 

169. The measures for the defence of the main ditch an<l of 
the breach in the main work, differ in nothing from those resorted 
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to for the out-works. The besieged will make every eflEbrt to 
keep possession of the main ditch to the last moment, by occupy- 
ing the double caponnieres and other works in them, from all of 
which a steady fire will be kept up on the besiegers whilst effect- 
ing the passage. Sorties of small bodies of picked troops will 
be frequently made under the protection afforded by these works, 
etc. The posterns at this period require to be guarded with 
peculiar vigilance to prevent the besiegers carrying them by sur- 
prise, and thus effecting an entrance into the interior of the 
work. 

170. An assault of the main breach cannot be opposed by 
the bayonet without compromising the lives of the garrison, 
unless there exists a good interior retrenchment to cover the 
retreat from the breach ; even in this case, to oppose the storm- 
ing party with the bayonet will be an operation of great deli- 
cacy, for the besieged, if driven back, may not be able to effect 
their retreat without being so mixed up with the assailants as to 
render it impossible to prevent the latter entering with them into 
the retrenchments. 

171. Finally, when the breach is effected in the interior 
retrenchment the besieged may offer to capitulate, unless they 
are still able to protract the resistance a day or two, by organiz- 
ing temporary defences, and by placing the houses in the rear 
of the retrenchments in a defensive state, in which cases this 
breach should be disputed with the same obstinacy as those of 
the other works. 
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CHAPTER VL 

PLAN AND JOURNAL OF THE ATTACK. 

As an illustration of this subject, the mode of conducting the 
attack, as laid down by Vauban and his successors, in the hypo- 
thetical case of a bastioned main work with all the ordinary out- 
works on a horizontal site, will now be described. 

The point of attack selected (Fig. 32), being an acute bastion, X, 
having an interior commanding retrenchment, with the two adja- 
cent demi-lunes, Y. The only collateral works, the fire of which 
bears on the ground over which the trenches must be run, being 
the two adjacent obtuse bastions, w, the faces of which cannot be 
enfiladed, owing to their prolongations falling within the salients 
of the adjacent demi-lunes, and the two collateral demi-lunes, z. 
Making in all one bastion and the two adjacent demi-lunes, with 
their dependent out-works, which must be entered by breach 
or otherwise ; and two bastions and two demi-lunes, with their 
dependent works, the fire of which must be kept under. 

From the disposition of the defensive works, at least three 
lines of approaches, one on the capital ba^stiou of attack, and 
one on each of the capitals of the adjacent demi-lunes, will be 
requisite as communications; and the 1st and 2d parallels will 
be required to be extended so far on each side of the point of 
attack as to embrace all the positions for the enfilading and 
counter-batteries to keep under the fire of the works collateral to 
the point of attack, which in any manner bears upon the ground 
to be occupied by the approaches. 

The rules for laying out the approaches, being that they should 
be run in zigzag lines across the capitals, gradually narrowing 
the froiit occupied by them as they near the salients of the [x)int 
of attack, and giving to each branch a direction such that it can- 
not be enfiladed from any salient point of the collateral works, 
will be complied with, by confining each branch between two 
lines, one on each side of the capital, which starting from points 
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on the lat parallel, 30 yards from the point where the capital 
crosses it, converge on points 15 yards on each side of the salient 
approached ; the direction given to each branch being such that 
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prolonged it would pass 80 or 40 yards exterior to the most 
advanced salient. In following this rule it is advisable that no 
branch should exceed 100 yards in length, otherwise the besieged 
might be tempted to run out a counter approach to enfilade it. 
The communications leading from the depSts of the trenches 
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to the Ist parallel, will be laid out along the same lines and in a 
like manner. 

The position of the Ist parallel will be assumed at 600 yards 
from the most advanced salients of the point of attack and col- 
lateral works. 

Ist Nig^ht. The position of the portion of the trenches upon 
which the besiegers are to break ground having been laid out, 
and the materials for the work having been placed in order for 
distribution, so as to avoid all unnecessary delay and confusion, 
the workmen are assembled at the depdts of the trenches before 
night-fall to receive their implements. The men selected for this 
duty are troops of the line, who usually take their arms with 
them. The men are divided into working parties, each of which 
is under the command of an officer of the line, and they are 
marched in single file by a flank and posted after night-full, 
where they are to work under the direction of the engineers. 

The portion of the trenches opened this night are, usually, 
only the approaches that lead from the depdts of the trenches to 
the 1st parallel, and that portion of this parallel which embraces 
the capitals of the point of attack. To guard the workmen from 
sorties, as many battalions of the line as may be requisite, termed 
the Guards of the Trenches^ are thrown forward about 30 paces 
in advance of and on the flanks of the men who open the 1st 
parallel. The flank companies of these battalions, divided into 
sections, cover the front of the battalions, and are posted about 
80 paces from them ; and each section posts two sentinels at 
about the same distance to its front The sentinels keep a look- 
out, kneeling on one knee ; the remainder of the troops lie flat 
on the ground, to avoid the fire of the defences. 

When the working parties are all posted, the men of each 
lying flat until all are ready to commence the work, the order is 
given to rise, ground their arms a few paces to the rear, and 
break ground. 

The guards of the trenches keep their position until near 
dawn, when they are withdrawn and take post in the parallel, 
which, by this time, will be nearly excavated to its full width. 

On the succeeding day all that remains to be done to the 
trenches o^x^ned is completed, and everything is got in readiness 
for the work of the coming night 

52d Night. The parallel will be extended this night to em- 
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brace the prolongations of all the faces to be enfiladed, and some 
100 or 160 yards beyond the extreme points so determined. A 
strong square redoubt will be constructed at each extremity of 
the parallel, which will be anned with field pieces ; and an epaul- 
ment for cavalry will be thrown up in the rear of each redoubt ; 
the object of these works being to contain troops to act against 
sorties made on the flanks of the parallel. 

The zigzags are pushed forward about 150 yards in advance 
of the Ist parallel. 

The trenches and other works left incomplete at the end of the 
2d night are finished on the following day ; and this rule is fol- 
lowed throughout, as the trenches commenced by night are gene- 
rally in a suitable state by dawn to give cover to the workmen 
and troops and can be occupied, and what remains to be done to 
them be completed in safety by day. 

3d Night. The approaches are pushed forward 275 yards 
from the 1st parallel, and here the 2d parallel is commenced ; a 
small portion of it only on each side of the approaches being 
opened, in which to lodge a few troops for the protection of the 
workmen. 

This parallel is of less extent than the 1st, embracing only the 
prolongations of the faces of the Point of Attack. It is usually 
connected with the 1st parallel by a defiled line of trench at 
each of its extremities. Its distance from the 1st is determined 
from the consideration that the workmen employed on it must 
be protected by the guards of the trenches, who are still stationed 
in the 1st, and who, to afibrd this protection, should be posted 
where they can come to the aid of the workmen before the gar- 
rison can reach them in a sortie. 

The rule here observed is also a general one. The trenches 
under construction never in any case being advanced so far that 
the guards in their rear cannot come up to their support before 
they can be reached by a sortie from the defences. 

4th Night. The 2d parallel is entirely laid out on this night 
and is completed on the following day. The guard of the 
trenches takes post in the parallel as fast as a part of it is finished ; 
a reserve equal to about one-third of the whole being left in the 
1st parallel. 

As the 2d parallel is at 825 yards from the salient of the place, 
the workmen are much exposed to the fire of grape shot^ it will 
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iheicfore be necessary to use the flying sap in its construc- 
tion. 

5th and 6th Nights. Thus far the works of the attack 
have been pushed forward without the aid of artillery, but 
beyond the 2d parallel the fire of the defences becomes so 
destructive that further progress cannot be made, without great 
sacrifice of life, until it is silenced. To effect this, enfilading, 
mortar, and counter-batteries are placed about 30 yards in front 
of the parallel. The number of guns in each battery will depend 
on the importance of the face to be silenced, and, according to 
this rule, the following distribution will be made. 

A battery of eight pieces will be erected against each face of 
the bastion of attack. A battery of five pieces against the right 
face of the demilune of attack and ita covered- way, and one of 
aeven pieces against the left face, since the fire from the latter 
bears more directly on the approaches than that of the right 
face. As the two collateral bastions are supposed to be so obtuse 
that their faces cannot be enfiladed, it will be necessary to silence 
their fire by counter-batteries. As the left face alone of the bas- 
tion, on the right of the one of attack, has a direct action on the 
approaches, a counter battery of five pieces is erected against it, 
and so placed as to obtain a slant fire into its embrasures. With 
reganl to the colhitoral demi-lune on the same side, as its right 
face has but a slight bearing on the approaches, a battery of 
three piect'S will prevent this face from being occupied by the 
besiegeil ; but as the bearing of its left face is more direct, it will 
be neci^ssary to establish a battery of five pieces against it ; this 
last battery is j)laced in front of the 1st parallel. Two or three 
howitzers form a part of each battery to sweep the covered-ways 
and ditches. 

The morUir batteries are placed in positions where they will 
be most effective, which is usually about midway between the 
capitals of the works to be reached from them. About four 
mortars are placed in each battery, an allowance of eight mor- 
tars being made for each front embraced by the trenches. 

The mortar and gun batteries, the fire of which is not 
olistructed by the trenches in front of them, are sunk. The 
platforms of the others are on the natural surface of the ground. 

Besides these batteries, which will be completed on the 5th 
and 6lh nights, two or three zigzags are pushed forward in 

17 
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advance of the parallel on the same nights, if the fire of the 
besieged is not too destructive. 

7th Night. As the enfilading batteries will be completed 
and armed on the 6th night, on the following morning they will 
all open their fire at the same moment, and by night the fire of 
the place will be nearly if not entirely silenced. The approaches 
are then pushed forward and demiparallels are established at 
from 100 to 150 yards in fi-ont of the 2d parallel. The demi- 
parallels may be from 100 to 200 yards in length, and have a 
return of 25 yards at their extremities to cover them on the 
fiank. The length of the demi-parallel should be so regulated 
as not to obstruct the fire of the ricochet batteries. In some 
cases howitzers are placed in batteries established at the extre- 
mities of the demi-parallels to enfilade the covered-ways, but as 
the demi-parallels are within good musket range of the covered- 
ways it will generally be better to arm them with infantry, the 
top of their parapet being arranged with loop-holes made with 
sand-bags to cover the marksmen whilst in the act of firing. 

8th Night. (Fig. 34.) On this night the approaches are 
pushed forward by the flying and full sap, as opportunity may 
offer, and a portion of the 3d parallel is commenced, when the 
approaches are within 60 yards of the most advanced salients. 

9th Night. The 3d parallel is completed. It should present 
a less development than the 2d so as to be flanked by it, and 
will therefore usually embrace only the salients of the point of 
attack. Owing to this, and its having to receive the main body 
of the guard, — ^the 2d parallel now containing only the reserve, 
whilst the 1st is used only as a dep6t for the materials and to 
receive the wounded, — the third parallel is made two or three 
feet wider than the other two. 

10th Night. As the 3d parallel, from its position on the 
glacis, will mask the fire of the ricochet batteries against the 
covered- way, it will be necessary to establish new batteries in 
front of it to dislodge the besi^ed fix>m this outwork. For this 
purpose stone mortar batteries are found very effective. These 
batteries are placed at about 20 yards in front of the parallel, 
and are sunk. A battery of four or six mortars is placed on 
each side of the salients, nearly in the prolonged direction of the 
covered-ways. These batteries will be ready to commence their 
fire on the covered- ways on the morning after they are b^un. 
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After the completion of the 8d parallel, preparationa are made 
for gaining the covered-way either by open assault, or by gradual 
approaches. In the former case, portions of the parallel are 
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arningLtl with Htepti to enable infantry to sally from it on the 
covered -ways. The aappcrs, with all the necessary materials for 
trenching around the eovertd-way, are collected in the parallel. 
At a pre-concerted signal a fire will bo opened from the stone 
mortar hattorics, and all others that are still effective, against the 
covcrwi-way, and the other out-works. When it is j)crccived 
that the fire has produw^^ ita elTi.'Ct in clearing the oul-workn, at 
k pre(.-(inccrt<.-d signal it will also cease; the troojts will tudly 
forth and carrj- the covered-way with the bayonet, and, after 
gaining {)OS8eiv*iun of it, they will shelter themselves as they best 
caa behind the traverse from the fire of the besieged. Whilst 
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they, in this way, maintain possession of the covered-way, the 
sappers, who follow immediately in their rear, will open a trench 
about 4 or 5 yards from the crest of the glacis, around the salient 
place-of-arms, as far as its two traverses ; when this trench will 
aflford a shelter to the troops they retire from the covered-way 
into it This trench is afterwards connected by suitable commu- 
nications with the 3d parallel. 

From the circumstances under which this operation is carried 
on, the probabilities are against its success and in favor of a great 
sacrifice of life in the attempt if the besieged offer a vigorous 
resistance, and make a skilful use of the means still at their dis- 
posal. With such chances, therefore, of failure, and the cer- 
tainty of great losses even if successful, this mode of attack 
should only be resorted to in some contingency where the suc- 
cess of the siege depends on the time saved by it. 

11th Night. When the covered-way is to be crowned by 
regular approaches, a constant fire is kept up from the stone 
mortar batteries so as to render it untenable for more than a 
very few men. The Circular Place-of-Arms which serves mainly 
as a depot for the trench materials and thus to keep the 3d parallel 
from being obstructed, is now formed, by starting from two points 
of the parallel at 30 yards on each side of the capital, and pushing 
two branches of full sap to unite at about 15 yards from the paral- 
lel, on the capital. From this point a double sap is pushed along 
the capital to within 30 yards of the salients of the demi-lune 
covered- ways. As the bastion covered-way is very retired, noth- 
ing more is done than to form the circular place-of-arms before it* 

12th Night. The trench cavaliers before the demi-lune 
salients are commenced, and the sap is pushed forward a few 
yards on the bastion covered-way. 

13th Night. The trench cavaliers, which require from 86 to 
48 hours for their completion, will be finished on this night, and 
an approach pushed from the stone mortar batteries towards the 
reentering place-of-arms. 

14th Night. The besieged being now driven from the 
covered-ways by the fire of the trench cavaliers, a double sap is 
pushed towards the salient of the demilune covered-way from 
the two extremities of the circular trench connecting the trench 
cavaliers. These two saps unite at 4 or 6 yards from the crest 
of the glacis. 
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The approaches towards the reentering plaoe-of-arms are 
advanced further on. 

16th Night. The demi-lune coyered-way is crowned as far 
as the 2d traverse. The approaches on the reentering place- 
of-arrns and the salient of the bastion covered-way are 
advanced. 

A 4th parallel is begun on this night, commencing opposite 
the Ist traverses of the demi-lune covered- ways, and uniting the 
approaches pushed towards the rtxintering places-of-arms. 

16th Night. The bn»ach and counter-batteries around the 
salient place-of-arms of the demi-lune are completed and armed. 

From four to five guns will be placed on each branch of the 
glacis of the salient place-of-arms, in the prolongations of the 
demi-lune ditch, to counter-batttT the portions of the bastion 
faces wliich bear upon this ditch and the covered- way, and pre- 
vent this fire from retarding the lodgments about to be made on 
the terre-plein of the salient place-of-arms and the passage of 
the ditch. About four guns are placed in a battery between the 
1st and 2d traverses, to oj)en a breach in the left face of the 
demi-lune. This breach should be from 20 to 80 yards in width, 
and not extend farther towards the salient than the position of 
the pan-coupe, so as to expose as great an extent of the interior 
of the demi-lune as practicable. 

The guns in these batteries will require cover in flank from 
the f;ici*s of the bastions and their cavaliers ; and in rt»ar from 
the most advanced salients of the works still occujued by the 
besie^(.'<l. 

The descent into the demi-lune covered-way, commenced on 
the loth night behind the 1st traverse, is finished ; and the 4th 
parallel is compleUMl. The width of the 4th parallel is the same 
as an onlinary approach, owing to the difficulty of defiling it. 

Thes<» batteries will be compIete<l and armed in twenty-four 
hours after the crowning is commenced. The breach will be 
pnictieable in twelve or fifteen hours after the fire is opene<l. 

17th Night. The approaches from the 4th parallel are pushed 
forwanl on the siilients of th»» bastion covered- wav and the n*c»n- 
tering place-of-arms. The crowning of the demi-lune covered- 
way is gradually advanced and a Icnl^ment is made on the terre- 
plein of the demi-lune s;ilient pl:iee-of-arms, from which the demi- 
lune ditch can be swept by musketry. 
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The descent into the demi-lune ditch is commenced on this 
night behind the traverse of the salient place-of-arms. 

In advancing the sap on the different salients of the covered- 
way, from the 4th parallel, care should be taken not to push for- 
ward one faster than the others, so as not to offer a temptation 
to the besieged to sally out on the head of the most advanced, 
to cut off the sappers. Moreover, the different brigades of sap- 
pers should be protected by a few picked men stationed in short 
trenches that flank the direction of the double sap as it is pushed 
forward on the salients. 

If, owing to the great width of the covered-way, or to the 
small breadth of the demi-lune ditch, or to the steepness of the 
glacis, by which the batteries placed along its crest would be 
very much exposed to a reverse fire from the collateral works, 
it should become necessary to place the breach and counter-bat* 
teries on the terre-plein of the covered- way, they cannot be com- 
pleted and armed before the 17th or 18th night. Although the 
batteries in this position would be w^ll covered from reverse fire 
by the crest of the glacis, and from a flank fire by the traverses 
of the covered-way, still, they would require much more labor 
to establish them, and would be more exposed to the annoyanoe 
of grenades thrown from the demi-lune. 

After the descent into the demi-lune ditch is commenced it is 
steadily carried forward until it arrives at the point opposite the 
breach, where the opening into the ditch is to be made through 
the counterscarp wall. This opening should be pierced at night, 
and the precaution should be taken to run a small gallery along 
the back of the wall, on each side of the opening, so as to pla^« 
a few men to fire through loop-holes made in the wall, for the 
purpose of defending the opening and the sap pushed across the 
•ditch to the breach. 

18th, 19th, and 20th Nights. The approaches from the 
4th parallel and the sap along the crest of the covered-way are 
pushed forward and completed on these nights. 

It will seldom be practicable to establish a trench cavalier 
against the bastion salient place-of-arms, owing to the reverse fire 
from the collateral demi-lunes. In such a case, if the besieged 
«till occupy this work in force, so as to retard the progress of the 
«ap, an attempt must be made to dislodge them by an open 
:attack of a small party of picked troops, or else stone mortar 
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batteries may be placed in the position that would be occupied 
bj the trench cavaliers, by means of which the besieged may 
be driven from this part of the covered-way. 

So soon as the bastion covered-way is gained, two descents are 
commenced into the main ditch, from the trench at the salient 
of the covered-way. 

In very acute bastions the breach and counter-batteries along 
the bastion covered-way might be completed on the 21st night. 
But, generally, before this can be done the demi-lunes must be 
carried, as their fire would take these batteries so in reverse as to 
render their construction impracticable. 

529th Night. The descent into the demi-lune ditches and 
passage of the ditches may be effected by this night at &rthest 

Every precaution should be taken to prevent the besieged 
from interrupting this passage. The passage itself should be 4 
or 5 yards wide at bottom, to afford a convenient plaoe-of-arms 
for the troops, and it should be arranged with a banquette to 
sweep the ditch by a close musketry fire. 

Bi^ides making loop-holes in the counterscarp wall to fiank 
the passage, it will also be well to push forward one or two zig- 
zags in the ditch itself, and place a small party of picked men 
in them to repel the sorties of the besieged. 

The breach is gained possession of either by storm or by 
gradual approaches. The former will be resorted to when the 
besieged manifest a determination to keep possession of the 
demi-lune, in force, to the last extremity. A few companies of 
picked men will be chosen for this service. All the materials 
will be collected at hand for crowning the breach, and, when 
everything is in a state of readiness, a warm fire will be opened 
on the breach and on all the works that in any way bear upon 
it At a preconcerted signal the fire will cease, and the assault- 
ing column, rushing through the breach, will drive the besieged 
from the demi-lune, and then, sheltering themselves as they best 
can from the fire of the other works, they will maintain posses- 
sion of the breach until the sappers, who follow in their rear, 
can effect a lodgment on its top. 

To make the lodgment by gradual approaches, the sappers 
will push forwanl a sap from the foot of the breach, over the 
ruins, giving it such a direction as to gain a shelter under the 
end of the wall that remains on the side of the breach which ifl 
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exposed to the fire of the besieged. A few picked men will 
cautiously mount to the summit of the breach, occupying such 
sheltered points as may be found at hand, for the purpose of 
covering the sappers whilst at work. These men will be sus- 
tained by a detachment posted along the passage of the ditch. 

26th Night. The lodgment on the breach of the demi-lune 
being effected on this night, the breach and counter-batteries 
along the bastion covered-way, and against the redoubt of the 
reentering place-of-arms, can be completed and armed. 

A breach battery of four guns will be placed along each crest 
of the bastion covered-way, as far from the salient as room can 
be had, for the purpose of opening as wide a breach as practica- 
ble at the bastion salient. A counter-battery, likewise of four 
guns, will be placed along the same crest and in the best posi- 
tion to fire in the prolongation of the main ditch and silence the 
fire of the enceinte flanks opposite to them. A breach battery 
of three guns will also be placed against each of the redoubts 
of the reentering place-of-arms, to open them on their faces that 
lie adjacent to the demi-lunes. 

These batteries are covered in flank and rear in the same man 
ner as those against the demi-lune. 

To prevent the besieged from attempting to dislodge the 
besiegers from the demi-lune, it is well to construct a trench 
across its terre-plein, from which the ditch of the demilune 
redoubt can be swept by a fire of musketry. This trench may 
be made on the 27th night. 

So soon as the demi-lune breach is secured a descent is com 
menced from the lodgment on it to the ditch of its redoubt. 

This descent and the passage of the ditch of the redoubt will 
take until the 32d night 

In the meantime zigzags can be pushed forward in the demi 
lune ditch ; and a double sap be formed in the parapet of the 
demi-lune itself, to overlook the ditches and to approach the cut 
in the demi-lune face. 

A descent can also be made on or before the 82d night into 
the reentering place-of-arms, and a lodgment be effected on its 
terre-plein. 

On the 82d night, miners are set to work at the scarp wall of 
the demi-lune redoubt, and at the scarp and counterscarp walls 
of the cut. The mines may be completed and fired and the 
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lodgment be eflfected on the breaches by the 34th night ; at which 
time the breach in the redoubt of the reentering place-ot -arms is 
also carried. 

When a breach can be opened in the bastion face through the 
opening of the demi-lune ditch, the zigzags in this ditch may be 
pushed forward nearly to the extremity of the ditch, and the 
passage of the main ditch opposite the breach in the salient be 
eflFected by the 33d night, so that the breaches in the body of 
the place, and those in the redoubts and the cut can all be car- 
ried on the 34th. But when a breach cannot be made in the face 
of the bastion through the demi-lune ditch, and it is deemed 
advisable to make one at this point, it will be necessary to carry 
the outworks first, and afterwards to push forward the sap to 
crown the glacis of the single caponniere in the dcmi-lune ditch, 
where a breach battery of two guns may be established ; at the 
same time a lodgment is made behind the bastion covered-face 
and a breach battery of four guns is established there. These 
labors will require for their completion until the 37th night In 
the meantime lodgments are effected on the upper and lower 
terre-pleins of the demi-lune redoubt, and in its parapet, to over- 
look the main ditch, the double caponni^rcs, and the tenailles. 

The passages across the main ditch are also completed, the 
descent to the one nearest the shoulder angle being commenced 
from within the postern of the redoubt of the reentering place- 
of-arms. 

84th Night. The lodgment on the breaches in the bastion 
will be effected on this night, and a descent be commenced from 
the top of the breach to the ditch of the cavalier. 

85th and 86th Nights. A lodgment will be effected on the 
bastion terre-plein, and a breach battery of four guns be esta- 
blished against each face of the cavalier retrenchment 

The descent into the cavalier ditch will be effected by the 
•ame time, and the final assault take place on the 87th night 



266 FISLD FORTIFICATION. 



CHAPTER Vn. 

XLLUSTBATIONS OF SIEGE WORKS FROM SOME OF THE MOBB 
RECENT SIEGES. — SIEGE OF SEBASTOPOL.* 

The remarkable defence of this place by the Russians has 
made it a striking event in siege operations, for the immense 
material means employed on each side, and for the skill and 
indomitable resolution of both the assailant and the assailed, 
shown during eleven months of open trenches, from Oct. 7th, 

1854, when ground was first broken before it, until Sept. 8th, 

1855, when the final successful assault was made. But what 
distinguishes this from most other celebrated sieges, was the com- 
paratively slight and temporary character of the besi^ed works ; 
the side of the place where the Allied forces made their attack 
having no permanent defences of any value, but only a line of 
earth works hastily thrown up, and of comparatively so weak a 
profile as, under ordinary circumstances, to have yielded to a 
vigorous cowp de main. 

As any attempt at a description of this important position and 
the siege operations on both sides could be made intelligible only 
by the aid of detailed maps and plans, a few observations must 
suffice as to the causes which enabled the Russians, behind such 
weak defences, to retard for so long a period the r^ular 
approaches of the Allies ; repulsing them in one open assault, 
and finally succumbing in a second only after a desperate resist- 
ance, and inflicting on the assaulting columns the heavy loss of 
over ten thousand in killed and wounded. 

1. Being the great naval arsenal of the Russians in the East^ 
Sebastopol had a superabundance of everything in the way of 



* Si^ de SebastopoL Journal des OperatioDB du G^nie, par le G^n^ral NieL 
Paris, 1858. 

Si6ge de SebastopoL Histoire du senrice de rArtUl^rie. Paria, 1859. 

Siege of Sebastopol Journal of the Operations conducted by the Corps of Bojml 
Engineers ; and Professional Papers of the Corps of Boyal Engineers. YoL VI 
New Series. 
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arms and munitions of war for a siege, which had been aocuma- 
lating there for a long time for the service of the navy. 

2. It had a large army to garrison it, and to make formidable 
assiiults upon the besiegers, who had not suflScient force to 
invent it on all sides and therefore left it free to receive succors. 

3. It had the aid of the sailors and the resources of a large 
fleta which was shut up and kept idle in its harbor by the supe- 
rior strength of the Allied fleet 

4. Tlie topography of the position was very favorable to the 
dt»fensive, both in the laying out of the defensive works and in 
the obstiicles it opposed to the siege operations of the Allies. 

6. Tlie late period of the year when the Allies commenced 
their siege operations, and their want of adequate means for 
some time after to do more than hold their position ; owing to 
this want, to the inclemency of the season, and to the sickness 
among their troops. 

6. Though last, yet not the least important, the skill and untir- 
ing energy shown by the Russians in availing themselves of 
every means to retard the operations of the Allies. 

In mere engineering details, the Russians have through this 
siege added but little to the general stock. Their works were 
generally well adapted to the ground occupied by them, and in 
good defensive relations ; such as the position itself would 
naturally suggt^st to an engineer acquainted with his art. Un- 
pnwided with permanent bomb-proof shelters for their troops, 
who were constantly ex[H)sed to a terrific fire, they constructed 
U»m{H)rary ones from the large quantity of heavy timlx*r they 
had in tl\eir d(x;k-yards, placing them in the traverses of their 
works and wherever else was found most convenient From the 
sjime source of supply, they obtained the rope of which they 
constructed the heavy mantlets to shelter their artillerists from 
the enemy's sharp-sh(X>ter8. They employed with great effect 
their own Hharp-shooters, lodging them in rifle pits and trenches 
in advance of iheir line to retjird the Ixm^gers' works. They 
cmploytMl with great advantage the meansof counter approacheSi 
and the occupation by temj>orary works of points considerably 
in advance of their principal line of defences, which caused great 
annoyance and loss Uy the besiegt^rs. liesides their carefully 
aimrd fire, they resorte<l to random firing of both cannon and 
small-arms under high angles of elevation, particularly where an 
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enfilading view of a line of trenches could be obtained, whick 
produced considerable annoyance and loss to the laborers in the 
trenches, and in many instances forced the besiegers to increase 
the height of the parapets and traverses of their batteries, and to 
take other extra precautions to give shelter to their men and 
guns. As has been previously stated, their mining operations 
were very extensive and greatly delayed the French in their 
approaches on Bastion No. 4, and, had they been as timely and 
successfully employed in advance of the MalakoflF fort, might 
have caused a still more serious delay to the Allies. In their 
sorties against the besiegers' works the Russians did not succeed 
as well as might have been looked for from their large garrison. 
This want of success. Marshal Niel, who directed the fiual siege 
operations of the French, attributes to these sorties having been 
made by night, which, from obvious causes, greatly increases tho 
chances of failure, particularly in such broken ground as that in 
advance of Sebastopol. Marshal Niel is of opinion that had 
the sorties been made by day the chances would have been 
greatly in favor of them, owing to the small number of troops 
that the Allies were able to keep near their points of attack ; the 
separation of these points by deep and diflScult ravines, which 
prevented a cooperative defence ; and from the great distance in 
rear of the main body of the army, to place it out of the long 
range of the heavy guns of the place ; all of them circumstances 
greatly in favor of a more active system of defence than the 
Russians attempted. 

The Allies, after taking up their position in front of theplace, 
covered it from attacks to which they were exposed by a succor- 
ing force from without, by throwing up a line of circumvallation 
partly continuous and partly of detached works; and, at a 
somewhat later period of the siege, strong continuous lines of 
field works in their rear to cover the two harbors in which their 
fleets lay. 

After opening their first parallel, which was from 1,000 to 
1,300 yards from the points to be approached, the trenches were 
pushed forward and batteries established in the best positions for 
controlling the fire of the defences according to the usual siege 
practice. The besiegers here labored under the great disadvan- 
tage of having to sap through ground more or leas stony, and 
in some places over a bare rock, and for a considerable portion 
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of the siege, in the face of a fire superior to th(^t of their own 
batteries, by which their trenches at points were frequently 
swept away and their work brought to a stand-still. 

In conducting the labors of the trenches and batteries, no 
noticeable changes of any moment in the usual practice were 
made but such as were imperatively demanded by the circum- 
stances of the locality ; it being often foun dimpracticable to give 
to the trenches and their parapets the dimensions usually con- 
sidered as desirable, and every expedient had to be adopted, 
where adequate cover from fire could not be given, to screen the 
men at least from the view of the besieged. Although in the 
execution of the full sap the French sappers suffered very much 
from the Russian sharp-shooters, they preferred abandoning all 
the usual defensive armor, on account of the greater fatigue in 
laboring with it on. 

The batteries, as being a more certain mark for the fire of the 
besieged, were constructed with every care to make the parapets 
shot-proof, and their magazines and shelters for the men and 
loaded projectiles bomb-proof. In some cases of more than ordi- 
nary exposure to the fire of the heavy calibre used by tho 
besieged, the parapets of the batteries received a thickness of 
from 23 to 26 feet ; the thickness most generally given being 20 
feet 

Every expedient was tried by the French to damage the 
besieged, amongst others that of an abundant use of small mor- 
tars of 6 inch calibre, which, from their lightness, could be easily 
Ciirried by a few men and placed in any work of the trenches 
from which the besieged could be best reached by their shells. 
Random firing at long ning<^ and under high angles of elevation, 
by cannon, was also tried with good results. For this purpose 
the platforms were so arranged that the wheels ran uj>on side 
rails about 14 inches above the level of the platform on which 
the trail rested, thus giving the facility of firing the gun under 
much greater angles of elevation than upon the ordinary level 
platform. Some attempts were made at throwing wooden ve»- 
nels made of thick sUives and strongly hooped, and containing 
about 200 jKJunds of iH)wder, named by the French mines de pro 
jfctw,i^ into the defences, from funnels in the earth similar to 
those used for the stone fougassea, and subsequently by fastc^ning 
them to the mouths of large mortars, but the experiment not 
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answering expectation it was given np. The nse of the stone 
fbugasses loaded with fragments of stone, iron, etc^ was foand 
to be of great advantage in reaching the besi^ed behind their 
parapets and traverses. 

To cover the men working in the trenches from the annoy- 
ance of the sharp-shooters of the besieged who, either from their 
advanced rifle pits, or from favorable covers oflTered by the 
ground, kept up a very deadly and incessant fire, the French in 
turn organized companies of sharp-shooters, and placed them in 
rifle pits in advance of the ground on which they were working 
to keep down this fire, and as opportunity offered to make a 
dash upon and seize these covers of the besi^ed. 

In the early period of the siege, the French met the frequent 
sorties of the Russians by advancing upon them beyond their 
own trenches; in this way finding, although they succeeded in 
driving the assaulting party back, that they lost a great many 
and those of their bravest men, the rule laid down by Vauban, 
to withdraw timely and in good order from the point assailed, 
and, when the assailant has got well entangled in the abandoned 
trenches, fall upon him with vigor, in the state of disorganiza* 
tion in which he will naturally be found, was ordered to be 
rigidly followed out, which led to the most satisfactory results in 
checking these night attacks. 

Finding on their arrival in front of Sebastopol that the Rus- 
sian force was too strong to justify an ordinary open assault, the 
first idea of the Allied generals seems to have been, on break- 
ing ground against the place, to bring a very heavy fire to bear 
upon its then weak defences, and, under the cover of its action, to 
attempt to carry the position by storm, and thus avoid engaging 
in regular siege operations, under the unfavorable circumstances 
of so near an approach to winter. But soon convinced, from the 
superiority of the Russian fire, that there was no alternative left 
but to go on with regular siege operations or to withdraw, the 
former course was decided upon, and the plan of attack first laid 
down was persevered in for four months under enormous difficul- 
ties, when it was changed and it was also decided to make 
approaches upon the celebrated Malakoff fort 

With the same view of abridging the siege by an open assault^ 
the Allied generals opened a furious fire from all their batteries, 
now mounting 500 guns^ on the 9th of April, and kept it up 
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until the 14tb, but though the Russian works were more or 1 
injured, and their fire silenced to a considerable extent, it was 
not thought prudent, considering all the chances of success, to 
make an open assault then ; and the time for doing so was pat 
oSj and the 28th of April designated for it, by which time the 
more advanced position gained by the trenches, and the injury 
done to the defenct's by the heavy fire both by day and night, 
it was expected would justify the attempt. The skill, however, 
shown by the Russians, in sheltering some of their guns to keep 
up a fire on the heads of the sap, and, in case of an open assault, 
to fire on the assaulting columns; and their perseverance in in- 
creasing their fire so soon as that of the Allies slackened, and 
also in repairing by night the damage done to their parapets, 
seemed to render the attempt at open assault as haz^ous as 
ever ; still, as the Allies saw it would be impracticable for them 
to find munitions to keep up indefinitely this kind of artillery 
duel, dispositions were actually made to carry out the plan pre- 
viously proposed, and the assault was decided upon, to take 
place on the 2Sth or 29th of April. But receiving news just at 
this moment that large reinforcements were on their way, the 
Allied generals thought it more prudent to await the arrival of 
tht^se troops than to enter upon what they had every reason to 
suppose would be a bloody struggle and might be a disastrous 
repulse. 

This change of plan led to great relaxation in pushing forward 
the trenches, of which the Russians immediately took advantage 
to repair their damages and make additional defences. It was 
at this time also, that the French commenced to throw up in 
their rear the lines covering the harbor of Kamiesch, which 
would serve for an intrenched camp in case of any disaster, 
and enable them to reembark their army with comparaUve 
safety. 

The Allied trenches were slowly pushed forward upon the 
points of attack into the month of June, when it was decided U> 
make a general attack upon all the Russian works exterior to 
their main defences, as a preliminary step to making an assault 
upon those last. This di?cision was carried into effect on June 
7th, and utter a desperate struggle the Allies succeeded in carry- 
ing and holding llu»sc works. The French, who in this affiiir 
bad to march over nearly 500 yards of ground more or 1 
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exposed to a front and flank fire, lost nearly 5,000 in killed^ 
wounded, and missing, 207 of whom were officers. 

Encouraged bj this success and counting upon its demoraliz- 
ing effects upon the Bussians, the Allied generals determined to 
make a general assault upon the main defences and fixed upoa 
the 18th June for that purpose. Fort Malakoff was the princi- 
pal point to be gained, with the works upon its immediate left 
and right. The French, who had the centre and right of the 
attack, had about 400 yards of exposed ground to charge over ; 
the English, who had the left, some 250 yards to reach their point. 
A furious fire was opened on the morning of June 17, from all 
the Allied batteries bearing upon the points to be assaulted, and 
kept up without intermission throughout the day, and prepara- 
tions were made on the night of the 17th to launch the columns 
of attack early the next morning. From some of those small 
conire-teiyis by which all such affairs are liable to fiiilure, one 
of the French coluinns was launched too soon and another did 
not come up in time. The result was, that from this want 
of concert, and the terrific fire of the defences, the French were 
repulsed on all points, with a loss of about 2,500 in killed, 
wounded, and missing, of whom 200 were officers. The Eng- 
lish were equally unsuccessful on their point 

The Russians, who seemed fully prepared for the occasion, 
met the attack by their infantry mounting upon their own para- 
pets to deliver their fire on the advancing columns. This con- 
tributed greatly to their losses, which were nearly 6,000 in killed 
and wounded, of whom 155 were officers, but only two of whom 
were killed. The killed, also, among their privates were some 
600 men less than among the French, who lost S3 officers killed. 

Afler this repulse the regular operations of the siege were 
resumed and perseveringly pushed forward under great difficul- 
ties and discouragements until the commencement of September. 
Literally stopped by the difficulties of the ground which was, at 
most of the points, solid rock, it seemed a useless sacrifice of life 
to attempt getting nearer to the points to be assailed with no 
other covers but such as could be formed of fragments of rock. 
The French at this time had worked their way to within 26 
yards of the ditch of Fort Malakoff; upon their right to within 
40 yards of the work known as the'Little Bedan, where they 
were on the bare rock; the English, in like condition, were 
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Stopped at 200 yards from the Great Redan ; and on the side of 
the city, where the trenches were first opened, the French were 
from 50 to 70 yards from the nearest salients, and opening a way 
for themselves by mining. 

Further delay appearing a useless sacrifice of life and time, 
the Allied generals decided to make the final general assault on 
Sept. 8. For several weeks the Russians had been subjected to 
an incessant fire from the Allied batteries, which now mounted 
814 pieces in all, by which their loss was about 18,000 men in 
20 days. From Sept. 5 to Sept. 8 alone, their losses were 
between 4,000 and 5,000 men. This terrific fire was kept up 
until noon, Sept. 8, when, by referring to their watches, which 
had been set for the occasion, the order was given, by the Allied 
general officers in command of the assaulting columns, to move 
forward upon the points to be assailed. The first rush carried 
all the columns into the works, but they were met with so mur- 
derous a fini from the Russians that thev were soon driven out 
at every point, except at Fort MalakofT, which, after a terrific 
Btruggh*, remained in the possession of the French and decided 
the fate of Si»ba8to|>ol. 

The totil losses of the Allies in killed, wounded, and missing, 
were 10,054 ; those of the Russians nearly 12,000 in this one 
memorable assault on earthworks of a comparatively weak pro- 
file whic^h, for many days previous to the assault, had been sub- 
jected to an incessant storm of projectiles from over 800 pieces 
of artillery. 

The losses met with by the Allies in carrying the exterior 
defences, June 7th, their repulse in the assault on the main 
defenc(»s, June 18th, and the desperate and for a time doubtful 
encounter, S«*pt. 8th, show the blcxxly and hazardous character 
of oi)en assaults uj)on intrenchments even when made un<ler the 
most favorable circumstances ; and thev teach the lesson that 
nothing but imperative necessity will justify their being made 
when the object in view can be otherwise attained. 

The resist^'ince of^Ted by the comparatively weak defences of 
Sebast4)i>ol, gnve rise at the time to the expression of doubts by 
military men in Euro|)e of the necessity of what are known as 
permane»nt works. A like question h:is been agitat^nl among 
our»<»lvfS, growing out of the sieges of Yorktown, Vicksburg, 
and Fort Wagner. Nothing more pertinent perhaps can be said 



274 FIELD FORTIFICATION. 

upon the subject than to quote the remarks of Marshal Niel, who 
conducted the final siege operations of the French. He says: 

" Struck with the great length of the siege of Sebastopol, some 
foreign officers have called in question the necessity of masonry 
scarps for the defence of fortified places. 

" Sebastopol, a vast intrenched camp covered by field works 
of strong profile, derived its chief means of resistance from a 
source which is only to be found in large naval arsenals, and in 
a large army having its communications with the interior of 
Russia unobstructed. 

" If the main enclosure of this place had been provided wkh 
efficient scarp walls, if it had been necessary to breach these 
walls, and to penetrate into the place through the narrow defiles 
of these breaches, defended in rear by a numerous army, Sebas- 
topol would have been under the circumstances impregnable. 

" Let the siege works before Sebastopol, in effi^ct, be compared 
with what usually takes place in an ordinary siege, and it will 
be seen that up to Sept. 8, 1855, the day of the final assault, the 
only siege works completed, and those after extraordinary exer- 
tions, were such as precede the crowning of the covered- way of a 
regularly organized permanent work. The most difficult and 
most murderous parts of the works of a regular siege had not 
yet been entered upon, and there was no need of doing so, as the 
ditches and parapets of Sebastopol, as the event proved, were 
not unassailable by an open assault The difficulty was as much 
to conquer the Russian army in a defensive position which they 
had had a long time to strengthen, as in overcoming the obsta- 
cles presented in the fortifications. Our trenches having been 
pushed forward to within some 30 yards of the defences gave to 
us the choice of the moment for making the assault, when, hav- 
ing driven the enemy to his temporary shelters, by the heavy 
fire of our artillery, our columns were enabled to rush forward 
into the works before the enemy had time to make preparations 
to meet the assault ; to have pushed our works further forward 
in such a case would have enabled the Russians to have seized 
the advantage of assaulting them. 

" The absence of scarp walls, which would have secured the 
place from an escalade, exercised not less influence upon the 
defence, as it forced the besieged to maintain, always on duty, 
a large body of men in reserve, in the rear of their works, ready 
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to repel an open assault to which they saw themselves oonstantlj 
exposed from the moment the siege oommenced. 

" Finally, it is also to be observed that these troops held in 
reserve, and who were decimated day and night by our batte- 
ries, might, at any moment, have sallied out of the defences 
through wide openings instead of the narrow defiles through 
gateways and over draw-bridges, the usual outlets of permanent 
works ; in this point of view they were a standing menace to 
the besiegers, who at any moment might have found their 
trenches assailed by the greater portion of the Russian army. 

" Neither party, therefore, found themselves under the circum- 
stances which ordinarily attend the siege of a permanent work 
which is secured from an open assault by scarp walls." 

In executing this herculean task of eleven months of open 
trenches, driven through a rocky soil under the exposure to a 
formidable fire by which the labors of the night, carried on with 
great losses, were swept away during the day, the Allies exe- 
cuted nearly 60 miles of- trenches, besides their batteries, and the 
lines thrown up as a circumvallation and those to cover their 
retreat in c;ise of necessity. To execute these works the French 
alone consumed about 80,000 gabions, 60,000 fascines, and over 
a million of sand-bags. * 

The English, from the experience gathered in this siege, have 
proposed some modifications in the engineering practice of their 
schools. They propose no modification in the profiles of their 
approaches or parallels, in the construction of the panijwts of 
which, in this siege, from a want of a sufiicient supply of trench 
materials, they resorted to every expedient at hand, using pow- 
der barrels, casks, fragments of rock, etc., to shelter the men 
from view when gabions, sand-bags, etc., could not be obtained!. 
They remark particularly on the necessity of having a goiid 
drainage for the trenches, since the men will frequently run the 
risk of exposure to the enemy^s fire by walking along the reverse 
of a trench rather than wade through the mud and water of one 
badly drained. 

They found that the ordinary distance of 18 to 20 feet between 
the axes of direct embrasures did not give sufficient room for 
handling conveniently guns of heavy calibre, and have settled 
upon 27 feet as a more suitable distance. In light soils they 
propose from 25 to 80 &et for the thickness of the parapets <^ 
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batteries exposed to the full eflfect of the heaviest projectiles. In 
forming their embrasures they recommend a width of from 2 
feet 6 inches, to 3 feet 3 inches, for guns varying from 32-pound- 
ers to the heaviest calibre. They give the preference to iron 
gabions for revetting the cheeks of embrasures near the mouth, 
and to gabions having 2 feet 6 inches diameter and a height of 
8 feet 9 inches over those of the ordinary dimensions used for 
the same purpose. 

In the construction of their powder magazines, they placed the 
floor, whenever practicable, 10 feet below the surface of the 
ground, giving it a ceiling of the heaviest scantling to be pro- 
cured, over which was laid a layer either of sand-bags or large 
fascines, and a covering of earth over all so as to make the entire 
depth of cover at least 9 feet. This roofing rested on strong 
frames placed transversely, which were covered on the sides by 
thick boards, the dimensions in the clear Vithin being 6 feet in 
width and 6 feet in height. 

Shell rooms were provided where needed in the batteries, and 
look-outs arranged in some secure part to watch the ranges of 
the projectiles and their effects. 

For the convenience of the service and the comfort of the 
troops, they recommend* that the names of the batteries and dif- 
ferent parts of the attack should be painted on boards and placed 
in conspicuous positions, with finger posts to point out the direc* 
tion to be taken to reach any designated part ; that in very hot 
weather awnings should be arranged to shelter the guards of the 
trenches ; and a good supply of water be provided for the men 
in barrels or metal vessels sunk in the earth at secure points near 
at hand. 

In their open assaults, both the French and English used, with 
great advantage, light scaling ladders to bridge the ditches of 
the points of attack. The French had theirs made for the occa- 
sion, and of suSicient length to give an over-lap of 5 feet to 
secure a srife support for each end. These, placed on a horizon- 
tal windlass, were readily run out by a few men across the 
ditches to rest securely on the opposite side, and being rapidly 
covered with boards, formed a bridge for the assaulting column. 
The English recommend, for this and the purposes of scaling, 
what is known in their service as the 12 feet joint scaling lad- 
ders, as the most convenient, with some additional 6 feet joint to 
be used in combination with the 12 feet joint when necessary. 
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SHOE OF yiCKSBXTRO. 

The defensive line around Yicksbarg was somewhat analo- 
gous to that inclosing Sebastcpol, occupying an extent of be* 
tween 7 and 8 miles, along the dividing ridge of several small 
streams, a part of which emptying into the Mississippi, north of 
the city, and a part south of it, drain a very singular network 
of narrow valleys and ravines into which the surrounding coun- 
try is broken. This curious natural feature lent itself admira* 
bly to the purposes of a defensive position. Forming a continua- 
tion of the high ground or bluff along the Mississippi, upon 
which the city is built, the ridge runs back from the river at a 
point about a mile and a half north of the city, in an easterly 
direction, for about the same distance, and then bending south 
runs nearly parallel to the course of the river, and unites again 
with the bluffs about 3 miles below the city ; thus, with the 
blufls along the river, completely encircling the city with a^ 
natural defensive position commanding the approaches to it both* 
by land and by water. 

The natural advantages of the positionr had been well seized 
upon by the besieged, who had erected a continuous line, con- 
sisting of strong works, placed on the most commanding and 
salient points, connected by a line of entrenchments, to guard the 
land approaches ; and batteries of heavy guns along the river 
bluffs to meet a naval attack. 

Failing in a general open attack, which was made April 22, 
1863, to carry this line, a siege was decided upon, and the place 
was regularly invested both on the land and river side, whilst a 
part of the army was thrown forward in observation, to prevent 
any attempt of a succoring force from throwing troops or sup- 
plies into it. The besiegers were provided with a suitable 
siege train, particularly in mortars, and regularly trained engi- 
neer troops. Trenches were opened against the defences, and 
the siege works prosecuted with vigor from the day after the 
failure of the open assault until July 4th, when the place capi- 
tulated. 

No official details of professional interest have thus far been 
published of this siege, which has had such important resulta. 
The ground, although so favorable to a defensive position, pn* 
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sented many advantages, from its broken character, to tlie besi^- 
ing force, in good positions for batteries, and in enabling them to 
open their first parallels at from 500 to 800 yards only from the 
defences. Approaches from these positions were run upon the 
most salient and commanding points, north and east of the place, 
until the besiegers had approached within a few feet of the 
ditches, and their sap rollers no longer afforded shelter to the 
trench. At this stage mining was resorted to on several points 
with successful results, and preparations were made to carry the 
place from the points gained by an open assault, when it capitu- 
lated. 

Among other expedients, the besiegers, finding themselves much 
annoyed by the bursting of 6 and 12 pounder shells, which were 
rolled over the parapets into their trenches, and having no small 
mortars with which they could relieve themselves from this 
aanoyance, resorted to the expedient of making wooden mortars 
to throw shells of the same calibres. These were made of gum 
logs well hooped with iron, and were found to answer their pur- 
poses very well, some of them being still serviceable after firing 
a hundred rounds. 



SIEGE OF FORT WAGNER.* 

The position of this work presented a combination of natural 
features unfavorable to regular approaches of a character so 
unusual as to make all the details of its siege, which fortunately 
have been given with great minuteness in the published official 
account, of marked professional interest. 

Situated near the north end of Morris Island, a narrow strip 
of dry ground, formed of sand-hills nearly thirty feet in height 
at some points and at others so low as to be swept over by high 
tides, which lies between the entrance to Charleston harbor and 
a Jbroad flat of soft marsh intersected by numerous creeks mostly 
navigable for boats, the only line of approach to the work was 
over this narrow strip, which at one point, where the sand-ridge 
is lowest, is only twenty-five yards wide. 



• Engineer and Artillery Operations against Charleston, by Miyor-G^neral T. A. 
Gillmore, U. 8. Volunteers. Published (by authority) by D. Van Noetrand, Neir 
York. 
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This line of approach was enfiladed by the main line of the 
work, a heavily anned bastioned front, and by the guns of Fort 
Sumter, and of a small work, Fort Gregg, both in the rear of it; 
and was swept in fiank, on the marsh side, by the guns of Fort 
Johnson and several isolated batteries that had been thrown up 
for the purpose on James Island. The work thus presented on 
its assailable side a defensive line longer than the front of ap- 
proach at most points; particularly in its immediate vicinity, 
where the strip available for the approaches was only about 
twenty-fiiye yards wide. Whilst upon none of these works could 
any but a front fire be brought to bear from the line of approach, 
their fire could all be concentrated upon every point of it, to 
within a near approach to Fort Wagner; so that, in fact, after 
reaching within a certain distance of the defences, the besiegers, 
instead of being the enveloping, became the enveloped party, and 
for some time were bpught to a stand-still, by the powerful fire 
concentrated upon them. 

The main front of Fort Wagner is about 200 yards long and 
of a strong profile, having a wet ditch in which, by meiins of 
sluices, the tide could be let in and retained ; both the scarp and 
counterscarp, at the most assailable points, were formidably 
fraised, and obstacles formed of planks with spikes were placed 
at the foot of the scarp. It had a heavy armament bearing on 
the line of approach, and the interior was provided with strong 
boml>-proof8 to shelter a gjirrison of 1,500 men, formeil of two 
thicknesses of heavy logs covered with some ten feet of sand. 
In addition to these defences, the ground immediately in advance 
of the ditch, and on the line of approach near to it, was rendered 
very unsafe by a large number of tor|)eiloes buried in the sand, 
and so arranged that it was hardly practicable to pass between 
them without treading on some portion of the apparatus for 
exploding them. 

Wishing to avoid the time that would be consumed in making 
reguhir approaches, it was decided to attempt to carry the work 
by open assault. Two o})en assaults were made ; the first, July 
lllh, the day succeeding the capture of all the outer defences on 
the island, failed, the trooj>s rt»aching the parapet, but btring 
driven back by the heavy fire of the work. The second, July 
l^^th, after establishing the first parallel and erecting several 
counter and mortar batteries against the defenoeB, mounting in 
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all forty- two pieces, from which a severe fire was kept up during 
the day until about twilight, when the columns of attack pushed 
forward, and, in the face of a formidable fire from all the de- 
fences, a portion of the troops made their way into the work, 
and held a part of it for about three hours, when they were 
forced to retire. Thus adding another example to the uncertain- 
ties of open assaults, even under very favorable circumstances ; 
for, in this instance also, the fire of the work bearing upon the 
line of approach had been completely silenced, and the garrison 
driven into their bomb-proofs before the assailing force moved 
forward. 

The first parallel,* which was only about 200 yards in length, 
was opened at 1,860 yards from Fort Wagner, after the last as- 
sault, and was strengthened by a defensive line with inclined pali- 
sading run across a narrow part of the island, about 200 yards 
in advance of the parallel. The 2d parallel, about 300 yards 
in length, was opened July 23d, at 870 yards from the fort, 
upon a part of the island where a firm footing of sand stretches 
across it This was converted into a strong defensive line 
against sorties, by an inclined palisading, a strong wire entangle- 
ment connected with the palisading and an abattis, and was armed 
with several guns. The 3d parallel, about 100 yards in length, 
was opened Aug. 9th, at 540 yards from the fort. To cover it 
from sorties on its flanks and front, a large portion of it was 
formed into a keep, the front of which was covered by an abattis 
and the gorge inclosed by a strong palisading. 

Up to the time of constructing the 3d parallel the trenches 
were pushed forward by the flying sap, the men being led into 
position in the usual manner, and when placed each one covering 
himself as rapidly as possible by digging a hole for shelter. 
From this point forward the fire of the work was so severe that 
the full sap had to be used. It was found necessary to abandon 
the ordinary way of conducting this sap, and the following 
method was adopted : Covered at the head of the sap by an 
ordinary sap roller, which was pushed forward only a few inches 
at a time, the trench was excavated to a depth of only two feet 
without leaving any berm, and the earth thrown forward to the 



* See Report of Llajor T. B. Brooka» A. D. C, (Assistaut Engineer) on Engineer- 
ing Operations. 
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exposed end of the sap roller, so as to close up the gap between 
it and the parapet and thus give the leading sapper cover. This, 
though a much slower method than the usual one, was found to 
work well. 

The 4th parallel, about 170 yards long, was opened Aug. 2l8t 
at 350 yards from the fort ; and finally, Aug. 26, a 5th parallel, 
about 100 yards long, at 243 yards from it, on a ridge from 
which the sharp-shooters of the bt»sieged had been dislodged 
from their rifle-pits by a bayonet charge. The sap, from the 
moment of starting from the 3d parallel up to this position, was 
frequently stopped by the fire of the defences ; yet in the face of 
this nearly half the line of trenches, from the 3d parallel to the 
crowning of the glacis around the ditch of the fort, which was 
done on the night of September 6, was executeil at night by the 
flying sap in the usual way. This, however, was the most diffi- 
cult jHiriod of the siege, particularly about the time of cf>nstruct- 
ing the 5th parallel, when it was found impossible to a<lvance 
further under the concentrated and severe fire of both artillery 
and musketry, until this fire coul4 be brought under. Extra- 
ordinary measures were used for this purpose*, the lighter mortars 
being moved forward into the parallels nearest the work, and a 
fire opened from them and from the batteries in the rear, aided 
by the fire of part of the fleet. This s«»vero bombardment, which 
lasted for forty-two houra, was directed by nigijt by the aid of 
several strong c;dciuin lights, which, whilst they showed the 
defence's, lt*(l the j>t>sition of the besiegers in obscurity. The fire 
of the works was reduced to almost complete silence, and the 
fiap|H»rs were <Miabled to push forward their trenches, with great 
facility and very trifling exposure, to their final position, when 
on the s;ime night the work was abandoned. 

Unlike sieges generally, where the besiegers are the envelop- 
ing party, and have a choice of (xxsitions both for their parallels 
and batterie.^, the circumstances in thisciuse were reverseil. Pasi- 
tions had to be taken for the parallels where the extent of the 
line s«x*m*Ml most favorable, and these from the 2il parallel had 
to l>e stn>ni:ly secureil both in front and o!i the flanks by pali- 
satles, abattis, &c., against sorties. Tht» fire of the battt^'ries, from 
their i>»sition in rear of the parallels and approaches, caus^tl not 
only annoyance but loss, fn>m the accidents of the premature 
explosion of shelb and like causes. It is in these points of view 
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that this siege, which besides offers many novel professional 
details, merits a careful study. 

In the construction of the batteries there were several features 
of marked interest* For the purpose of obtaining higher eleva- 
tions and longer ranges for random firing than can be had with 
the usual siege carriages, rough and strong carriages were im- 
provised for the occasion, — the wheels resting upon two side rails 
raised several feet above the platform on which the trail rested, 
like a similar device at Sebastopol, which enabled the gun to be 
fired under very great angles. 

In constructing the foundations and epaulments for an 8-inch 
Parrott gun, named by the soldiers the " Swamp Angel," which 
occupied a position in a soil marsh, a difficult problem was 
happily solved in a very ingenious manner. Having by direct 
experiment ascertained the resistance offered by the soil on the 
superficial unit, the general bed of the structure was prepared 
by first laying and trampling down a thick stratum of the long 
grass cut in the marsh, over which two thicknesses of heavy 
tarpaulins were spread to recewre a grillage formed of two thick- 
nesses of heavy pine logs well bolted together ; the interstices 
between the logs being filled with sand and the sand bags that 
had been too much injured for other purposes. To counteract 
any tendency to the unequal upheaving of the soil around the 
grillage when loaded with the epaulment, bags of sand were laid 
over the surface exterior to and joining the grillage. 

In laying the grillage, a rectangular opening was left of suffi- 
cient dimensions to receive the platform of the gun. The soft 
mud within and below this open area was inclosed by sheeting 
piles, which were forced down by pressure to the firm soil, some 
15 feet below, into which they were driven by heavy wooden 
mauls. Over this inclosed area, a bed of grass, well trampled 
down and then covered by two thicknesses of tarpaulins, was 
laid, upon which a layer of sand 15 inches in depth was spread 
and well rammed. Upon this bed a platform, consisting of three 
thicknesses of three-inch yellow pine plank was laid, the two 
lower crossing each other diagonally and resting on the bed of 
sand, and on a strip of scantling spiked to the sheeting at the 



* See Reports of Ck)loDel Serrell, Commanding Regiment N. Y. Volunteer Engi- 
neers, and of Lieut Miofaie^ U. S. Corps of Engineers, on the Engineer Operations. 
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same level as the top surface of the sand ; the top course of 
plank rested on the heads of the sheeting piles and on the two 
lower thicknesses, the joints being parallel to the axis of the gun. 
By this combination a firm bed was sought to be secured to 
receive the platform and carriage of the gun, which would be 
independent of any settling in the general bed upon which 
rested the parapet and epaulments of the battery, constructed of 
bags of sand. 

From the nature of the soil, a fine quartz sand, which when 
dry runs through the web of ordinary gabions and hunlle work, 
sand bags were found to be the best material for the revetments 
of battimes. When any part of the revetment was damaged it 
was usually repaired by a sod facing. A coating of an inch or 
two of the soft marsh mud placed over the slopes of the parapets 
and bomb proofs of the batteries was also found very serviceable 
in securing the men from much of the annoyance of the drifting 
sand in windy weather. 

Among other novel expedients for securing the flanks of their 
parallels from sorties, a battery for two field howitzers, termed 
the surf battery, was built u|>on crib-work run out into the low 
water-line of the beach, on the harbor side, from the extremity 
of the 2d parallel. The parapet of this battery was constructed 
by bags of sand. The battery was connected with the trenches 
by a defensive barricade, formed of bags of sand laid on a plat- 
form built on crib-work, and formed the communication Ixjtween 
the batt«Ty and trenches as well as a paraj^t for musketry and 
for a K^M^ua battery. 

To avoid attracting the fire of the besieged, the logs of the 
crib- work were mostly lashed together with rope and the whole 
anchored by short piles worked by hand about three or four feet 
into the quicksand. 

Under circumstances very favorable to an active defence the 
besieged refrained from resorting to sorties, confining themselves 
to the effect produced by the fire of the work and from sharp- 
Hhfx>ter8 thrown in advance of it, and covered by rifle-pits, who 
ke[)t up an annoying and di.'Structive fire on the l)osieger9 until 
dishxlged by a bayonet charge. In fact, by covering the ground 
iinm<NHately in front of the work with tor{)edoefl, the Ix^sieged 
deprive<l themselves to a great extent of the means of an active 
defence; aa many of their men captured in the bayonet charge 
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had no means of retreat but the dangerous one through this 
mesh- work of torpedoes. 

This siege has confirmed the great vulneipbility of masonry 
when exposed to the projectiles of heavy rifled guns within their 
effective ranges, and the slowness with which earthen parapets 
are destroyed by the same means, particularly, as was the case at 
Fort Wagner, when formed of sand. Whilst Fort Sumter, at a 
distance of over 4,000 yards, was silenced, and its mask walls. 
destroyed by the heavy Parrott rifled guns, the sand parapet of 
Fort Wagner and the cover of its bomb-proofs were but com- 
paratively slightly damaged ; many of the projectiles, Grom their 
form, being deflected in striking the gentle slope which the 
sand had assumed fix)m the effects of the fire, and most of the 
sand which was thrown up by the explosion of shells lodged in 
the parapet having fallen back into the crater of the explosion. 

The uses made of the calcium light, and of the Bequa battery, 
are novel applications of these means to siege purposes, and, 
having been found so serviceable in this instance, will, in all 
likelihood, form a part hereafter of siege apparatua 
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